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(54) AttttfocsTrtlt 

(57) A tubufir liner 210 and mandrel 205 are potitionod wfthin a taction of vvallbore 100 with the tubular liner 
overlappmo an existing casing 1 10 (if presenU. A hardenable Buidic material (306. figure 3) b injected into the 
section of weirbore 310 below the level of the mandrel 206 and into the annular region 315 between the tubular 
Hner and me section of the wetlbore. The inner and outer regions of the tubular liner are then fluidldy Isolated 
by imrodudng a p^up 405^A noivhardenable fluidic materiel 306 U then injected Into a portion of the interior of 
the tubular Nner 310, below the mandrel, to pressurize It The tubular liner is subsequently extruded off of the 
mandrel. 
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WELLBORE CASING 
Crom Hefmence To Related A|yUcatlons 



This application daims the bene^ Tro^iaanal 
Patent Application Serial Number 60A11,293, attcnmcgr docket number 25791.3, 
ffled on 12/7A998, the disdosure of wUcb is incorporated herein by reference. 
Background erf the Invention 
This invention relates generality to weUbcre caaingBi and in particolar to 
wellbore caaingB that are formed using eipandable tubing. 

Conve nti o n a ll y, when a wellbore is created* a number of rum^ ^ 
5 installed in the bardiote to prevent ddlapse of the borehole wa^ 
undesired outfW of drilling fbdd into the fiirmation i 
formation into the borehole. The borehole is drilled m intervals wherel^ a casing 
^ch is to be installed in a lower borehole interval is lowered thnni^ a previov^ 
in staU e d casingof an upper borehole mtervaL As a consequence of this procedure 
10 the casing of the lower interval is of gmsPgr diam«tor thm fht^ e^mng ^f t>ift upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in down ward direction. (Jement aniniU are pnmded bet^ 
surfiaoes of the casingB and the borehote waU to seal the cBsmgs fix>m the b 
walL As a oooaequenoe of this nested arrangement a relatively large borehole 
15 diameter is reqpiiied at the upper part of the wellbove. Such a large borehole 
diameter invohrea increased costs due to heavy easing handling eciuq^ 
drill bits and increased vohmies of driDmg finid and drOI wittin g^ Moreover, 
mcreased drilling rig time is uxvolved dne to required cement pumping, cement 
hardening, requfaed equipment changes due to large ynriatiiiM in hnU Hwinyt^ 
20 drflled in the course of the well, and the large vohune of cuttings drills 



The present invention is direeted to overcoming one or more of the 



According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that mrfitii<H» mafaini^g tubular liner and amandrel 



removed. 





in the borehole, izyectixig fhiidic material into the borehole, and radially expanding 

th ^ IwAT m thA hflwfchnig ly inrtriiiiing the liner off of tfafi nmndgeL 

According to «nnt>ipr aspect of the present invention, a method of fomiing 
a wellbore casing is provided that includes drilling out a new section of the 
5 boreholea4jacenttotheabreadyeiistingcasing. Atabularliners^ 
then placed into the new section of the borehole with the tubular liner overliving 
an already existing casing. A hardenable flmdic sealing material is ix^ected into 
an tttinnlflr region between the tubular liner and the new section of the borehole . 
The annular region between the tubular hner end the new section of the borehote 

10 is then fluxdicty isolated fom an interior region of the tubular hnerbe^ 
mandreL A non haxdenable fhzidic material is then izyected into the interior 
region ofthe tubular liner bebw the mandrd. The tubular liner is extruded off of 
the mandrel. The overiap between the tubular liner and the already existing 
sealed. The tubular liner is supported by overlap with the aheady 

15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overiap betwem the tubular liner and the alrea4y existing casing is 
tested. At least a portioin of the second quantity of the haxdenable fhddic sealing 
materialisremovedfiromtheinteriorof thetubularliner. The r emaining portions 
oftfaefiuidichardenablefluidic sealing material are cured. At least a portion of 

20 cuTpd fluid^ c wHemiKlgi Biialing meterifll within the tuhular liner is removed* 

Aoooxding to another aqpeet of the present invention, an apparatus for 
ttg pywHing a tubular member is provided that includes a sui^xirt mcnnber, a 
mandrel, a tubular member, and a shoe. The support member mdudes a first fluid 
passage. The mandrel is ooiipled to the support member and inchides a second 

25 fluidpflggflg^i The faihulftrmemherigemiplgd to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to y«ftt>iAr aspect of the present invention, an apparatus for 
^ippffwHwg a tubular member is provided that includes a support member, an 

30 ^ pTif< Alft Tw A'nHml^ a tntniler member, a BhoSy and at least one sealing member. 
The 8iq>port member inchides a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to th<i mippnrt mmihgr m^hidpg a third fluid passage Hie 
tubular mamber is coupled to the mandrel and includes one or more sealing 
el emen ts. The shoe is coupled to the tubular nieinber and inchides a fourth flui^ 
passage. The at least one aealiog member is ad£vted to prevent the entiy of 
5 foreign material into an interior region of the tubular member. 

Acoonling to another aspect of the present invention, a method of join^ 
a second tubular member to a first tubular member, the first tubular member 

having an inner diameter greater than an outer diameter of the second tubu^ 
member, is provided that includes positioning a mandrd within an intmor region 

10 of the aeooml tabular member. A portion of an mterior r^ion of the second 
tubular member Is pressurized and the second tabular member is eztru^ 
the mandrel into engagemmt with the first tubular member . 

According to another aspect of the present invention, a tubular liner is 
provided that indudes an anmilar member having one or more 

15 atanendportionoftheannularmeDiber.andoneormorepressuzereli 
at an end portion of the annular member. 

According to another aqpect of the present invention, a vvellbore 
provided that indades a tubular liner and an annular body of a cured fbudic 
sealing materiaL llie tabular liner is foiined by the process of extruding tbe 
20 tabular liner off of a mandreL 

Aoooniing to another aqieet of Oie present invBotiao, a tie^Mi^ liner fiir 
liningan existing iraDbore casingisproviitod that incfaidesa tubular linn 
annular body (tf cured fluidiesealingmateiiaL The tubular liner is fimned fay the 
proceasof extruding the tubular liner off of a mandreL The annular body of a 

25 cured fluidksealingniaterial is ooiqded to ae tubular liner. 

According to another aspect of the present fatvention, an apparatus for 
expanding a tubular membo* is provided that indades a sqipoit member, a 
mandrel,atubularmemberanda8boe. Hie so^pcnt member inchides a first fluid 
passage. The mandrd is coupled to the siqpport member. The mandrel indudes 

30 a second fluid passage operaUy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion oftiie mandrel is drillable. 
ThetabularmemberiscoiqtledtotliemandrBL The shoe is coi^led to the tabular 
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member. Thft mrhiH^p ^ third fluid paggflgg t%penh}y eoupled to the second 
fluM passage, an interior portiozi, and an eztenorporti^ mie interior portion of 
the shoe is drillable. 
Brief Descr^rtion of the DrawingB 
5 FIG. I isafi^gmentaiycross-sectionalviewiUustratingthedrillizigof a 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fingmentary cross-sectional view iltuatrating the ii^jection of a 
first quantity of a hawUnaKiA fhiidic sealing material faito the new section of the 
well borehole. 

FIG 3a ifi aniTt^i^f^g^'*"*^"''^^"^^'^ viflwiBusfcratingtheiqjection 
of a first quantity of a hardenabte flukUc sealing material into the new ae^^ 

15 the well borehole. 

FIG. 4 is a firagmentary cross-sectional view illustrating the sqection of a 
second quantity of a hardenable fhiidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cros&«ectional view illustrating the drilling out of 
20 a portion of tfip nirH hyTi*i«»f»iHi<» ihridie gealing mflterial from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between a4)acent tubular members. 

FIG. 7 is a fingmentaiy cross-sectional view of a preferred embodiment of 
25 the apparatus creating a casing within a wdl borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the pl acement of an 
f^p^Ad faiKnlftr memher within another tubular member. 

FIG. 9 is a cross-sectional iUostration of a preferred embodiment of an 
apparatus for forming a casing i«fiv5^iiig a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectionalOhistrationoftheapperatasof FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-aectioDal illastration of a wellbare iTii*htifi| ^jr ^ pair of 
a4)aoent overlappiog casingB. 

FIG. 10b is a crosB-aectioDal iUnstntioii of an apparabia and method for 
creating a tie-back liner using an eipnndible tabular member. 
5 FIG. 10c is a cross-sectional illnstratian of thepompsogof afluidic sealing 
material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional Ohistration of thepressoiizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional ilhistration of the e^jmajon of tha tnhnW 
member off of the mandrel 

Fia lOf isAcrofrn imrKnnnl lllmih aliim of the tie-back liner bflfeitiHrmmc 
out the dioe and pacter. 

FIG. lOg is a cross-sectional ilhutration of the oonq>leted tie-back liner 
IS created using an eipandible tubular member. 

FIG. 11a is a fiagmentaiy cnw^eetional view ilhistratfa^ 
new section of a well bordiole. 

FIG. lib isafra gment a r ycrosB-sectianal view ilhirfratingthft 
an embodiment of an aiQiaratus fbr hanginga tubular Ito 
20 of the weU borehole. 

FIG, lie is a firagmentaiy croeo aoctianal viewflhigfafatfaigAft jt yN^tim t>f 

a first quantity of a hanbnable fhiidic sealing materid m^ 
well borehole. 

FIG. lldisafit^mentazycEOss-sectionalviewilhistrating^ 
25 ofa wiper dart into the new section of the weUborahida. 

FIG. lie is a firagmentaiy cniss-eectional view ilhistrating the iz^ 
a second ouantitv ofa hardgMhU lini ■ooii^jr nntprial into the nor pcctian of 
the wdl borehole. 

FIG. llf is a fta gment aiy cross-sectional view flhigtarating the iwrtpifftiftn 
30 of the tubular liner. 
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DetaUed Deserqition of the niiistrative Eb^^ 
An Bppmtas and method for fimning a wellbore easing within a 
subtetranean formation is provided. The qqparatus and method pennits a 
wellbore casing to be formed in a subterranean fonnation hf placing a tabular 
5 mftnhf^ and a mandrel in a new section of a wellbore, and then ertniding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and mHlvMi further permits adjacent tabular 
monbers in the wellbore to be joined using an overlai^ing joint that prevents fluid 
and or gas passage. The apparatus and method fiirther pennits a new tubular 

10 member to be siyported by an eristtng tabular member hy erpanriing the new 
tubular member into engagement with the »*»^"g tabular member. The 
apparatus and method Airther Tnmi'ml«Mi ^ redaction in the hole size of the 
wellbore casing necessitated by the additian of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method pennits a tie-back 
liner to be created by eztniding a tubular member off of a mandrel by pressuru 
and interior portion of the tubular member. In this Tnanner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubolar members 
in the wellbare to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method flgther permits a new tubular member 
to be supported by an "gfe^e tabular meniber by fffpanding the new tubular 
member into engagement with the existing tubular member* 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. Ina preferred 

25 emhndimflnt, the interior portions of the igparatus is composed of materials that 
permit the interior portions to be removed usinga conventional drilling apparatus. 
In this manner, in the event of a malfunctioQ in a downhole r^ion, the appazBto 

may be easily removed. 

An appamtns and method for >M"igiti£r an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
flttafth ff* ^ ^ 9^ MigHtig gAHafwi ftf MiiBing The apparatus Slid method fiiTther havB 
application to the joining of tubular members in general 



-6- 



for fonning a wellbare casing within a subterranean formation will now be 
described. As ilhistxated in Fig. 1, a wellbore 100 is positioned^ 
fonnation 105. The weObore 100 includes an existing cased section 110 having a 
5 tabular casing 115 and an annular outer kQrer of cement 120. 

In Older to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As ilhistrated in Fig: 2, an apparatus 200 for forming a wellbore 
10 a subterrsnean formation is then positioned in the newsection 130 of the wellbore 
100. Ilieqjparataa 200 preferably indttdes an eq;iandabtemandrd 
tubular member 210, a shoe 216» a lower 09 seal 220. an iq)^ 
fhiid passage 280,afhudpassage235,affaid passage 240, se^ 
member 260. 

15 1^ expandable mandrel 205 is coupled to and 8i9p^^ 

member 250. The espanda ble mandrel 205 is prefeta^y adapted to controllab^ 
exjpand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercial^ available trrjmAa^t^ maw^iyig mmiifioi^ jn 
accordance with the teadungs of the present disdoaure. In a preferred 

20 CTnhodimrat ,tfae wimndahlemandr d205c om p ri B^ 

diadoaed in VS. Patent No. 6,848,085, the cantenta of wUch are inoorpoiated 
herein by reference, modified hi accordance with the teadiingB of the present 
disdo a ure. 

The tubular member 210 ia sappartmA Ky tha a^pftTi^pM^ mmdrtd 205, The 
26 tubular member 210 is expanded m the ladialdirectiim and eztiu^ 

expandable mandrd 205. lie tubular member 210 su^ be fibricatedfiomaiv 
number of conventional commercial^ available Tnntowiiiff gaeh aa, for »««rK 
Oilfield Country Tubular Goods (OCTG), 13 cbiomium steel tubin^casing, or 
plastic tubmg^casing. In a preferred embodiment, the tubular member 210 is 
80 fabricated from OCTG in order to mnTjTnire strength after expansion. Theinner 
and outer diameters of the tubular member 210 may range, for example, from 
approximatdy0.75to47inchesandl.05to48inches.req»cti^ Inapreferxed 
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otn^vMiiwimi t^a rnn^ ^nA mi tor Awmatmi ftf tiihii to> mgrnhgr 21 Q range from 

about 3 to 16.5 incfaes and 3.5 to 16 inches, reflpectivefy in order to optixDally 
provide twiTitmai telescoping effect in the most common^ drilled wellbore sizes 
The tabular member 210 preferably comprises a solid member. 
5 In a prefen:edeinbodiment, the end portion 260 ofthe tubular member 2 10 

is slotted^ perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the ertrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimir^ the 
possibility of buckling. For typical tubular m^nber 210 materials, the length of 
10 the tubular member 210 is preferab^ limited to between about 40 1^ 
in length. 

The shoe 215 is coiq)led to the expandable mandrd 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 prywip iPi, Siipgr SftAl n float shoe, Super Seal 11 Down^Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down phig modified in aooordance with the 
fP4irhingft of the present disclosure. In a preferred embodiment, the shoe 215 
romprififtg an ahuuBum down-jet guide shoe with a sealing sleeve for a latdi-down 
phig available firom Halliburton Energy Services in Dallas, TX, modified in 

20 acooxdanoewiththeteadiineBofthepresentdiselo8ure»inordertooptimaI^ 
the tubular member 210 in the wellbore, optunaUy provide an adequate seal 
between the interior and exterior diameters of the overlapping joint b 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expanmon operations. 

25 Inapreferxedmbodiment,thedioe215indude8oneormoretfarou^a^ 
ade outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally iAiectahardenahleflpidic Bftalingmaterialinto the 
region outsidetfae shoe 215 and tubular member 210. In a preferred embodiment, 
the dioe 215 includes the fluid passage 240 having an inlet geometry that can 

30 leceive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed offby introducing a phig, dart and/or ball sealing elements 
into the fluid passage 230. 
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nie lower cap seal 220 is ocmpled to and oqnpo^ 

250. The lower cup aegl 22Q pwewgnta fanAgn mfltaMPtttliy frrnn An^ng ^4> mtCTlOr 
region of the tabular mmher 210 a^jnntmt im tfiA turjmnAM^ TfTifmffarl g05. The 

lower cup seal 220 may oosqirise any number of conventional commercially 
5 available cup seals such as, for examide, TP ciqis, or Selective Lqection Packer 
(SEP) cupg modified in accordance with the tftadiingB of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
fixmi Halliburton Eneify Services in Dallas, TXin of^ 
material and contain a bod|y of lubricant. 
10 Theu|9era9seal225isampledtoandsiqqMrtedb^ 
250. The upper seal 225 prevents fonqgn materials fttmien^ 
regionof the tubular member 210. The iqiper cup seal 225 may oonqnise any 
number of conventional commercially availflble cap fleabi mrfi lyy^ tfw jrr«wwp i^ fp 
cups or SIP cups modified in accordance with the teachin0B of the present 
16 discl o sure. In a preferred eznbodiment, the upper ciq> seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas. TXin order to np timaiiy 
block the entiy of foieign materials and contain a bo4y of lubricant. 

The fluid passage 230 permits flnidic materials to be transported to and 
from the interior region of the tubular member 210 below the eqpand^ 
20 205. The fluid passage 230 is coupled to and positianed within tbe support 
member 250 and the expandable mandrel 205. "Hie fluid passage 230 preferab^ 
extends from a position aiQaoent to the auz&oe to the bottom of the ex^ 
niandreI205. The fluid passage 230 is preferabfy positioned along a centnline of 
the apparatus 200. 

25 Thefluidpas8age230ispreferab^selected,intheea8ingrunningmodeof 
operation, to transport materials such aa drilling mod or finmatto 
rates and pressures ran^ng from about 0 to 3,000 galtonatefauite and 0 to 9,0^ 
pa in order to mininiize drag on the tabular member being nm and to mininu^ 
surge pressures exerted on the wdUbore vriiich couU eanse a ^ 

30 and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the iqpparatus 200 vrithinth^ 
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new section 130 of the wdlbore 100, fluidk materials 255 forced up the fluid 
p^«Mip > Mn rm Ha t^liiftfffii^ mto the ireUhore IQQ above the tabular member 210 
thecebyminimizmgsurgepressuresonthewellboreflectionlSO^ The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluididy coupled to the fluid passage 230. 

The fluid passage 236 preferahfy includes a control vahe for controllahly 
opening and closing the fluid passage 235. In a preferred raibodiment, the control 
valve is pressure activated in order to contiollably minimir^^ surge pressures. The 
fluid passage 235 is prefierabtypositioned substantially ortfao0(2i^ 

10 of the qiparatus 200. 

The fluid paaaage 235 is preferably sdected to comey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDoiu/minute and 0 to 
9,000 psi in order to red\xce the drag on the ai^^aratus 200 during insertion into 
the new section ISO ofthewellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is onqpled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 prtferab^ has a cross-sectional 
dbqw that pennitsaphig, or other simflar device, to be placed in fl 
to theiebiy block fiirther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the ex p an d a bl e mandrel 205 can be 
fluididyisolatedfromtheregionexteriortothetubularmember210. Thispermits 

25 the interior region ofthe tubular member 210 below the eqmsdablem^^ 
to be pressurized. The fluid passage 240 is preferably poaitianed sub stan t ial ly 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to otmnty materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
re^on between the tubxilar member 210 and the new section 130 of the wellb^ 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball lealing member. 
In this maimor, the fhiid passage 240 can be sealed off Iqt in 
and/or ban sealing elemeiits into the fluid passage 230. 

The seals 245 are coiq>led to and supported by an end portion 260 of the 
5 tubularmember210. Theseals245arefurtherpositionedonano^^ 
oftheendportion260afthe tubular member 210. Tlie seals 245 pennit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be fluididty sealed. The seals 245 nu^ comprise 
any number of conventional commercial^ available seals such aa, fi>r example, 
10 lead, rubber. Teflon, or q)oiy seals modified fa acc^^ 

the present disclosure. Iha p aw faii e demhodimgnt , the seals 245 are molded from 
Stratalockepoxy available fhmiHallibnrtonEne^ 
to cqitmiaify provide a load bearing mterto^ 
tubular member 210 and the end 270 (rf*the existing casing 115. 
15 Inaprtferredem h odim mt ,tte seals 245 are aeleeted to q)th^^ 

a suflBdent ftictional force to support the eoqpanded t^ 

existing casing 115. In a prefenred rnihodimpnt. the ftictimifll tart^ np Hiwiii^ 
provided hy the seals 245 ranges ftom about 1.000 to 1,000.000 Ibf m order to 
optimsl^ siqsport the expanded tubular member 210. 
20 The8UDPQrtmgmher2gOM«iifpliiHir.fl«Ai^ 

member 210. ahoe 215, and seals 220 and 225. The support member 250 
preferably con^rises an annular member having suflident 8tz«Dgth to cany the 
apparatus 200 into the new section 130 of the weDboze 100. In a preferred 
embodiment, the support member 250 fbrther inchidcs one or 

25 centralizers (not ilhistrated) to he^ stabilise the apparatus 200. 

In a preferred embodiment, a quantity of fabrieant 276 is provided fa 
annular r^on above the expandable mandrel 205 withfa the interior of the 
tubular member 210. fa this manner, the extrusion ofAe tubular member 210 <tff 
oftheexpandablemandrel205isfiacilitated. The fabricant 275 may comprise any 

30 number of conventional commercially available hihricanfa aaeh for ^rr^jA ^. 
Lubriplate, chlorine based hibricants. oil basedhibricantSOT 
(3100). In a preferred qnbodiment the fabricant 27S «mipr«i>a ms^o^ 
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Antasieze (3100) available fiom Climax Lobricants andEqaqnnent Co. in Houston, 
TX in order to optimal^ provide optimum lubrication to fiadliate tbe eipanmon 
process. 

In a p i ef erred embodiment, the support member 250 is thorou{^y cleaned 
5 prior to Hf wy^h^y t» t^? rp niflining portiQM of the apparatus 200, In this manner, 
tbg introductiffn "f fffr ^'g" jnntPintkX into the flpparatna 200 is minimire d. This 

valves of the qjparatus 200. 

In a prefened embodiment, before or after positioning the Sfiparatus 200 
10 whm thAniwriigction of the wellborB 100. a couplc of wePborc volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to mmire thflt fi* ^E" Twater inl interferea with the CTpanirin n 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and ahnrdmahle 
ihiiiiiv «Mii8ng wiftturUI ia then pumped from a surface location into the fluid 
passage 230. The material 305 then passes firom the fluid pauBBage 230 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
Th<> Tnotwr i ftl ans then peaaefl from the interior repon 8 10 into the fluid passage 

20 240. Tbe material 305 then exits tlmappaaratus 200 imd fills the anm^ 
815 between the exterior of the tubular member 210 and the interior wi^ 
new section 130 of tbe wellbore 100. Continued pumpuEig of the material 305 
causes the material 305 to fill vq;> at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psian^ 
1,500 gaUons/min, respectively. The optimum flow rate and operating pressures 
vary as a ftmction of the casing and wellbore sixes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. Theoptimnmfiowrateandoperatingpressurearepreferab^detCTuned 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, oemait or eposgr. In a preferred embodiment, the 
hardflnahte fhiidic sealing matezial 805 compriaes a blended cement pxepazed 
spedfieal]y for the particalar weU section be^ 
Services in Dallas* IX in order to provide optimal s!qq)ort 
5 while also iiwintaining (ytimum floweharacteistics so as to minimize difficulties 
daring the diiqilacemimtof cenientin the irnnnlar regUm 815. The optimum blend 
of the blended cement is prafiarab^ detennined using conventional gmptwAfl ] 
methods. 

The ammlar region 815 prefierab^ is filled with the material 805 in 
10 miffident q mmtitte s to ensure thaL upon radial eapanrfon rf tlw tntmi^f wifm^ r 

210, the amuilar region 815 offheiiawaection ISO of the wellbore 100^ 
with material 805. 

Jn a particulartgr prefened embodimeut, as iDustnted hi F|g. 8a, the waU 

thickness and/or the outer diameter cf the tubular member 210 is reduce 

16 region adjacent to the mandrel 205 hi ardar optima% pBrmit pi^^t^yp iftpt ftf 
apparatus 200 in positions in the wellbore with tight dearenoes. Fttrthennore* in 
this manner, the in i t ia tion of the radial ""p^^Fim of the tubular member 210 
during the extrusion process is optimall7 fSuilitatad. 

As iUostrated in Fig. 4» once the annular region 815 has been adequately 

20 filled with material 805, a nhig 405. oroflMr rimflar d«iii», « intmfiii^ ^tff thff 
fluid paasage 240 thereby flnidic^ isolating the interior region 810 fiom the 
axmularregion815. In a preferred flmhndfmwtt , AHfm -lMifAmAi Afl i«iiiVin^t^ fl] 
306 is then pumped into the mterior region 310 causing the interior region to 
pressurize. In this manner, the interior oftheequnded tubular member 210 will 
25 notcontain8ignificantamount8ofcuredmaterial305. This reduces and sinqdifies 
the cost of the entire procesa. Alteniativeljr, the material 805 may be used during 
this phase of the process. 

Once the mterior region 310 becomes sufficiently pressurized, the tubular 
member 210 is ext r ud e d off of the eqandable mandrel 205. During the eztrusbn 
30 prooesSptheexpandablemandreI206m^beraisedoutofthec]q)and^ 

the tubular member 210. In a preferred embodhnoit, during the extrusion 
process, the mandrd 206 is raised at ^jproximatcty the same rate as the tub^ 
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member 210 is expanded in order to keep the tubular member 210 stationaiy 
relative to the new wellbore section 130. In an alternative preferred rnnhodime nti 
the tortnifliCT imnm i? r^mgnr^^rf with the taihular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 atationaxy* 
5 and allowing the tubular member 210 to extrude ofTofthemandrd 205 and 
down the new wellbore section 130 under the force of gravity. 

The phig 405 is preferab ly placed into the fluid passage 240 17 
the plug 405 into the fluid passage 230 at a aurfiioe k)cation in a conventional 
manner. The phig 405 preferably acts to fluidicty isolate the hardenaUe fii^ 

10 fl«»ftiiT>g TTfifltgi4fti afifi from the nm hnr dmuihlft flnidic material 806> 

The plug 405 m^y conqprise amy number of conventional commercial^ 
availabtedevioe8fitmiphiggingaflu]dpes8agBSucha8.to 
Cementer (MSG) latch-down phig, Omega latch-down plug or three-wiper latdi- 
downphigmodifiedinaecordaneewiththeteachingsoftbepr^ In 

15 aprefexTedembodimentpthephig405comprisesaMSClatch:H^ 

from Halliburton Energr Services in Dallas, TX. 

After placement of the phig 405 in the fluid passage 240, anon hardenable 

fhyi4\n mnt^X 306 ifl prirferably pumped into the interior region 310 at pressures 
and flow rates ran^. fbr example, fto approriniately 400 to 10,000 p 
20 to 4,000 gallonsAnin. In thia manner, the amount of hardoiable fluidic sealing 
material witUn the interior 310 ofthe tubular member 210 is minimized. Ins 
pirferred embodiment, after placement of the phig 405 in the fluid passage 240 , 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500to9,000psiand40to 
25 3^000 pUnw ymiTi in order to marimizi! the extTUsion speed. 

In a preferred embodiment, the ^paratus 200 is adapted to minimire 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular meni^ 
30 expansion mandrd 205, the inner diameter ofthe tubular member 210. the w^ 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
ofthe tubular member 210. In general, the thicker the watt thickness, the smaller 
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the izuier diameter, aud the greater the yie^ 
then the greater the operating pleasures wqui^ 
210 off of the mandrel 205. 

For typical tobolar membera 210, the ertnxaion of the tubular member 210 
5 offoftheeipandabb mandrel wiU begin ^riien the pressure of the interm 
310 reaches, for example, appnsimate^ 500 to 9,000 psL 

Daring the eztrusion process, the eipandable mandrel 206 nurjr be raised 
out of the eipan d e d portion of the tabular member 210 at rates ranging, for 
example, fromaboutOtoSfVaec &iaptefiBrrBdembodinient,duiingth8 extrusion 
10 process, the crpandable manditf 206 is raiaedflpt of the eqwnde^ 
tabular mflmber210gtiatesrandngfi»mabont0tQ2<bha^ 
the time required &r the expanaion process white ala^ 
the emanaian nrooesa. 

Whan the end portbn 260 of Uie tubular inember 210 is extruded off of the 
15 ftipandahle numdrd 206» the outer snifiioe 265 of the end portion 260 of the 
tabular member 2 10 will preferably contact the interior mrfke^ ^i n nf fha ^^nil 
pQrtdan270ofthecasingll5tofinnnanfhiidt]8}itov^^ Thecontact 
pressure of the overiqqriog jdnt roaj range, for emnpte, from approximate^ 50 
to20,000p8L In apnefiBrrad wnhodimftnt, tiia contact pressure of the overi^>ping 
20 joint ran^Bs from qqprasnnately 400 to 10,0W 

preasure to activate the annular sealing memben 245 and pptima% 
resistance to axial motkm to accommodate typksal tenaite aiid oimpress^ 

The overlappingjoint between the section 410 of the existingcaaing 115 and 

the section 265 of the eq»nded tubular member 210preferab]t7I^ 
25 andfhiidiC8eaLInaparticular^preforedembodiment,ttie8eal^ 
optimally provide a ibiidic aiid gaaeous aeal in the overlfl^ 

In a preferred embodiment, the operatingpressureaiid flow rate of the non 
hard m a hlpfh i idi c material 306 is controllabhr ramped dfmnw^ 

mandrd 205 reaches the end portion 260 of the tubular member 210. In this 
30 namier, the sudden release ofpressure caused by the comptete extrusion of t^ 
tubukr member 210 off of the expandabte mandrd 205 can be minimised. Ina 
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prdeired mibodizxient, the operating pre^^ 

fashkm from 100% to about 10% durixigthe end ofthe extrusion process begimiizig 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Altemativel7, or in combination, a shock absorber is provided in theaqqport 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber nuy c ompri se, for example, any conventional commercially 
available shock absorber ad^^ited for use in wellbore operations. 

Altematively, or in combination, a mandrel catching structuro is provided 
10 in the md portion 260 of the tubular member 210 in order to catdi or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the r^noval of the expandable mandrel 205, the int^tyof the fluidic sealof the 
15 overlfl^ingjoint between the upper portkin 260 ofthe tubular member 210 ai^ 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If fhe fkudic seal of the overiapping joint between the URp^r portion 260 of 
the tubular member 210 and the tower portion 270 of the casing 115 is satisfactory, 
t hffl ftiy tttigared prirrion of the material 306 within the expanded tubular member 
20 210 is thenremovedinaconventional manner snchas, for example, droilatingthe 
iiti^mro^ iimter iiil mt ftf thii interior of the expanded tabular member 210. Tbe 
mmAr tA gflfi ig then palled out of the wellbore section 130 and a drill hit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As iPnstrated in Fig. 5, preferably any remainingcQred material 305 within 
the interior of the wpandftd tubular member 210 is then removed in a 
conventional w»aT*«iir uang a conventional drill string 505. The resulting new 
section of ^m^g 510 includes the expanded tubular member 210 and an outer 
30 annular layer 615 ofcured material 305. The bottom portion ofthe apparatus 200 
comprising the shoe 215 and dart 405 may then be removed fay drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the \xpper portion 260 
ofthe tabular member 210 inchides one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner , the a v erl ap ping jomt betwtKm f}^ 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
6 member 210 is pressure-tij^ and the pressure on the interior and exterior 
suriaoes of the tubular member 210 is equalized during the eztzu^^ 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer suzftoe 265 of tiie upper portion 260 of the 
tubular member 210. In an alternative prefened embodiment, the 
10 niemberB 605 are bonded or mokkd onto the outer suzfiMre 26^ 

260of the tabular member 210. Iliepressaze idief holes 610 aro prefmh^ 
positioned in the last fiBw feet ofihe tabular member 210. The pressure relief 
holes reduce the operatrngpsessores reqpiired to eqmnd tiie 
the tubular member 210. This rednctian in r eq ui red operating pressure in turn 
15 reduoesthe velodfyof theiDandrel205iqionthecoii^^ 

process. This T edwr t iim in vdnaly In fawn m»tlwii«^ tftA m^t^ft^f^] shof 1r tff thf^ 

entire apparatus 200 upon the completion of the estrusimi process. 

Referring now to Fig. 7, a particular^ prefiarred embodiment of an 
apparatus 700 for forming a casQg wHUn a weQbore preferably inchides an 

20 ftinandahla mandrel at |rig TOS, an mrpmAmhAm ntrnwif I «F jiig tmt^Mht^ 7]ff 

tubular niember 715» a float dboe 720, a tower cqp seal 

a fluid passage 735, a fluid passage 740, a support member 745, abody of faibricant 
750, an overshot connection 755, another support monber 760, and a stabilizer 

765. 

2^ "^le exp a ndab le mandrel 705 is coupled to and nqyported 1^ the support 

member745. The expandahle mandrel 70S is ftnrther mnpled to thA Ar pm AiM o 
mandrel container 710. The eqnndable mandrel 705 is preferably ad^^ted to 
controUabfy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of oonTOntionaioommerdally available eq)a^ 

30 modifiedinaccordancewiththeteaching8afthepresentdisclo8ure.Inapre£er^ 
embodnnent, the expandable mandrd 705 comprises a hydraulic aqjanai^ 
substantiaUy as disclosed in U A Pat No. 5,348,095, the contents of which are 
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incoiporated herein ly reference, modified in accordance with the tearhingBof the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the eqiandable mandrel 705. The expandable mandrel container 710 may be 
constnuted firom aqy ntmber of conventional commercially available matmals 
such as, for ewaaple^ Oilfield Coimtzy Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fiibricated firom material having a greater strength than the 

10 material lh)m which the tubular member 715 is &bricated. In this manner, the 
container 710 can be fabricated firom a tabular material having a thinner wall 
thickness than the tubular member 210. TUs permits the container 710 to pass 
throu^ ti|^t clearances ther^ facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular meaiber 715 is expanded, the 
outside diy Ft '^ t ^ of the tubular member 7 15 is greater than the outside diameter 
of the contahier 710. 

The tubular member 715 is coupled to and siq^iorted by the expandable 
mandrel 705. Hie tubular member 715 is preferably expanded in the radial 

20 direction and witnidftd off of the expandable mandrel 705 substantial^ as 
described above with refioence to Figs* 1-6. The tubular member 715 may be 
fabricated ttom axqr number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated firom OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantiaUy 
wntwiiiir cros8>sectiorL In a particularly pr e f erred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defiiied by the regioxi beginning in the vidnity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 716 is 
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preferably defined ly the region begmnm^ 

container 710 and ending with the regicm in the vicinity 0^ The 
lower section of the tubular member 715 is prefera^y defined by the t^on 
beginning m the vidnily of the mandrel 706 and ending at the b^ 
5 tubularmember 715. 

In a preferred embodiment, the waU thickness of the iqsper sec^^ 
the tubular member 715 is ceater than the wall thinknftf«e« of th^ intg rmAHSflt^ 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fadhate the initiation of the eztnisim 
10 700 to be positioned in IncaticmB in the wdlbareha?n^ 

Tbe outer diamet«r and wall thlclmeas of the upper aeetion 805 of the 
tubular member 715 msy range, for ezanqde. from about 1.05 to 48 
to2inebes,ieflpectiveb^. In a praferred embodiment, the outer diameter and wall 
thi c knessoftheiwiersectian 805 of the tubular member71S range fromd 
15 to 16 inches and a/8 to lii inches, respectivety. 

TbAtmtearAbnnP^nnA «iU tfiwlm^nf tl%AiTi»j» wn«Hiafa fffrti op 910 of the 

tubular member 715 may range, for example, from about 2^ to 50 indies and 1^ 
to L5 indies, reflpectivi^. In a preferred embodiment, the outer diameter o^iH 
waU thickness of the intermediate section 810 of the tubular mend)er 715 

20 fitmi about 3^ to 19 inches sand 1/B to 1^ Indies^ xeqiectiv^ 

The outer diameter and wall ftickneas of the tower section 815 of the 
tubxilar member 715 may range, for exanqde, fit>m about 2.5 to 50 mdies s^ 
to 1.25 i n c h e s, re^)ectiveiy. In a prefimed embodiment, the outer Ainmn^j^j ^ <inH 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 1/8 to 1.25 hiches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 8 15 of the tubular 
mCTober 715 is fiirth^ increased to increase the strength of the shoe 720 when 
drillable materials such as, for ezan4)le, aluminum are used. 

The tubular member 715 preferably comprises a soM tubular mcmber^ In 

SO apreferred emhodimm t, the end portion 820 of the tubular member 715 is slotted, 
perfoTBted, or otherwise modified to catch or slow down the mandrel 705 when it 
oon^letes the extrusion of tubular member 715. In a p g afe ir^i <>mKrw iiwwiTit, th^ 
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length of th^ tTlhular membfr 71 F miwimigft thu pftamTilKly nflmolrlfiip 
For typiifal tllMllar mgrnhfr 71 5 Wngth nf tha faihnlar mBrnW 71 s 

is preferably limited to between 

The ahoe 720 is coupled to the eqwndable mandrel 705 and the tabular 
5 member 715. The shoe 720 inchides the fluid passage 740. In a preferred 
tfwilwviimimt ^ Aftft 7g0 ftirthgr inAidea an inlet passage 830, and one or more 
jetports835* In a particularly preferred emhodiment, the qDss-sedaonal shape 
of the inlet passage 830 is p^np*AH to receive a latch-down dart, or othor similar 
Hpm fmfa>^ for blocking the inlet passage 830. The interior of the shoe 720 

10 pieferab^ includes a bo^ of solid matorial 840 for increasing the strength of th^ 
shoe 720. Inaparticalarfyprefisrredemlxxliment^thebodyofsoIUfl^ 
comprises ahuninum. 

The dioe 720 may conq>rise any number of conv entiofial commercially 
available shoes such as, for example, 8aper Seal n Down^^et float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
iAaAhmgc of the present disclosure. In a preferred embodiment, the shoe 720 
con^>rises an aluminum down-jet guide shoe with a wealing sleeve finr a latch-down 
plug available from Halliburton Energy Services in Dallas, TK, mo d ifi fid in 
aocordanoe with the ^^^fhwip of the present disdosuxe* in order to optimize 

20 pttHii^g thft faihiilay wMimher 7lfi in thfl wdlborB. optfame tiie Seal between the 
tnbttlarmember 715 and an ezistingwellbore casing, and to opti^^ 
removal of the dioe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to sod supported by the support member 
745. Thelowereupseal725prevent8foreignmaterial8fit>m6nteringtheinterior 

25 region ofthe tubular member 715 above the eaqmndablemandrd 705. Thekmer 
cup seal 725 may oonqxrise any number of conventionsl commercially available cup 
seals such aa, Ibr example, TP eupa or Selective Iiqection Packer (SIP) cups 
mofifiedinaooordanoewiththeteadiingsofthepreaentdisclosuxe. Inapreferred 
embodiment, the tower o^) seal 725 conqprises a SIP cup, available from 

30 WfliiiK iirton Rnergy Services hi Dallaa, TKin order to optfanaBy provide a dAris 
barrier and hold a bo^ of lubricant 
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The uiq)er cup seal 730 is coi^led to aiul sapp^^ 
760. Tlieiqsper cop seal 730 prevents foreign 

region of the tubular member 715. The upjper cup seal 730 may comprise any 
number of conventional commerdalljr available cup seals such as, for example » 17 
5 cups or Selective Injection Packer (SIP) ciq> modified in accordance with the 
t aarhingB ofthep r psen t diad o snre. In apreferred embodiment, the uj^ cup seal 
730 oonqnises a SIP ciq> availabte fixmi Halliburton Energy 
in order to optima^7 provide a debris barrier and contain a bo(fy of lubri^ 

The fluid passage 735 pmnits fhiidic materials to be transported to and 
10 ftomtheinteriorrerianafthetnhnlarmflmh»71SheWt^ 

705. TliefluklpaasBgeTSSisfhiidk^coqdedtothefhiidp^ Hiefluid 
passage 785 is preferab<y coupled to and posi ti oned vrithm the su^^ 
760, the support member 745. the mandrel container 710» and the «pi»HflMe 
mandrel 705. Iliefhiid passage 735 pre&rabbreitndsfirom a poa^ 
15 to the surfi» to the bottom ofthsfflTfi mdah le mandrel 705^ TheflmH pft«m gft73S 
ispreferablypo8itionedalongaoenteriineoftheapp8Fatus700. Hie fluid passage 
735 is preferably selected to transport materiala sack aa cemmt, Ari Umg xmt^ m 
epoziea at flow rates and pressures ran^jny from about 40 to a,00Q gall ATig ^niufi to 
and 500 to 9.000 pd in order to pnmde sufBde&t operating pressures 
20 the tubular monber 716 offofthe expandable mandrel 705. 

As described above with reference to Flg^ 1-6^ during placement of the 
apparatus 700 within a new sedaon of a wrilhmn*, IhilHiV ffM>tflritti.f firrrpd up fee 

fluid passage 735 can be released into the weObore above the tubular mem^ 
In a preferred embodiment, the apparatus 700 flxrther includes a pressure release 

25 passage that is coupled to and positioned vrithin the support monber 2 The 
pressure releaae passage is fiutherfinidicfycoiqded to the fluid pass^ The 
presmre release passage prefwab^y inchzdes a control valve for controUably 
opening and closing the fluid passage. In a preferred embodimeit. the control 
valve is pressure activated in ordar to cnntpnlb>h^ niiTiwm«i> ^^^g^ prgflmiTPg. The 

30 pressure rdease passage is preferabfy positioned substantiaDyorthogon^ 

centerline of the apparatus 700. "Hie pressure release passage is preferabbr 
selected to conviQr inaterials such as cement, drilling mud or eposes ^ 
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and pressures ranging firom about 0 to 500 gallon^minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion intoanew section 
of a wellbore and to fiitnfmi«> surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 fixim the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communis 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fl^ 

10 to tfaexdby block ftirther passage of fluidie materials. In tiiis manner, the interior 
region of the tubular member 715 below the eqwndaUe mandrel 705 can be 
n ptiTMl^ fhiidig^y ianlatod from the regjon exteriiir to the tabular member 7 IB. 
niia permits the interior region of the tubular member 715 bel^ 
mandrd 205 to be pressurised. 

15 The fluid passage 740 is preferabfy positioned substantiaUy along the 
centeriineof thei9qparatus700. The fluid passage 740 is preferably selected to 
convey m ptf^^y^" such as cement^ drilling mnd or epoxies at flow rates and 
pressures ranging fiom about 0 to 3,000 gallons^minute and 0 to 9,000 psi In order 
to optimaUy fill an annular region between the tubular member 7 15 and a new 

20 section of a wellbore with fluidic materials. In a prefiened embodiment, the fluid 
pQBQfig ft 740 Inf^idftft an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball aeahng elements into the fluid 
passage 230. 

25 In a preferred embodiment, the e^iparatus 700 further includes one or more 

seals 845 coupled to and supported the end portion 820 ofthe tubular member 
715. The seals 845 are flirther positioned on an outer surface ofthe end portion 
820 of the tubular member 715. The seals 845 permit the overlappnig joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicfer sealed The seals 845 may comprise any 
number of conventional oonmierdalfy available seals such as, for exanqde, lead, 
rubber, Teflon, or epoa^ seals modified in accordance with the t eachings ofthe 
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present disclosure. In a pref eried embodnnent, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energjr Services in 
Dallas^ TK in order to optimal]^ provide a faydraulic seal and a load bearing 
interference fit in the overliqiping joint between the tubular member 716 and an 
6 agisting casing with optimal load beariny capacity to supports 
716. 

In a preferred embodiment, the seals 845 are selected to pro vide a suffiden 
frktional force to siqiport the eipanded tabular member 716 from the existing 
casing. InaprB fa ied frmhodimmt ,tfaeftfctionallarceprovi^ 
10 ranges from about 1,000 to 1,000,000 Ifaf in order to optfanal^ support the 
expended tubular member 716. 

The suPDort mamhcr 74S ia prgfera% «mpled tn Ami giipftn^flMft mandrel 
705 and the overshot connection 755. Tbe support member 745 jmlmbly 
comprises an annular member having sufBdent strength to cany the e4)patatus 
15 700 into a new section of a wellbore. TliesniVGrt member 745 mfl^o^ 

number of conventional commerdalty available support members sudi aa, for 
example, steel driU pipe, coiled tubing or otberhi^stroigth tubule 
aocordanoe with the taafthings of the present disdosme. In a prefened 
emb odiment, the support member 745 emppriflea cmwcntimal drill pip^ ft «iiAh io 
20 frtmi various steel mills in the United States. 

In a p re fig red embodiment, a body of faifaricant 750 ia provided in the 
annular region shorn tha mrj^jtAMm m^^p>i nrmfaiinw 71 Q within the intttrior of 
the tubular member 715. Inthismanner,theextrusionofthetubularmember71S 
off of the expandable mandrel 706 ia facilitated Thehibricant 705 may comprise 
26 any number of conventional oommerdaUly available lubricants ffi rh as, for 
exaiiq>le, Lubrq[>late, chlorine baaed hibricants, oil based lubricants, or fn^wna^ 
1500 Antisieze (3100). In a preferred embodiment, the faibricant 750 comprises 
Climax 1500 Antisieze (SlOO) available from Halliburton Energy Services in 
Houston, TK in order to optimally provide faibrication to iaciliate the fflrtnirim 
30 process. 

Tlie overshot connection 765 is cotqded to the support member 745 and the 
supportmember760. Theovershotconnection 756 preferably permits the support 



member 745 to be iCTOvabbrcoYq}led to the support ^Hieovershot 
Goxmection 755 msy comprise any number of conventioDal oonunercial(7 available 
overshot connections such as, for erample, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adqiter or EZ DriU In a 

S preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an l^iper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The sivport member 760 is preferab^ coupled to the overshot connection 
755 and a surftoesiqqxirt structure (not iUnstrated). The support maaaber 760 

10 preferably compr is es an annular member having wflBcient strength too 

apparatus 700 Into a new section of a weDbore. The mipport member 760 may 
comprise any number of conventional commercially anrail^^ 
mi faf CTftmplfl, Btoel drill pipe^ coiled tubing or other hjtfi strength tubulars 
modified in aocoidancevriththeteadungs of thepresen Inapreferred 

15 ftm hf>i^*«^ thft iaippfirt member 760 comnrisesa conventional driUpip^ available 

from steel mills in the United States. 

•nie8tabili2er765ispreferablycoupled to the support member 760. The 

stabiliser 766 also preferabfy stabiHzes the components of the ^jparatus 700 

within the tubular member 715. The stabilizer 765 preferab^ comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to cfptixnBOy minimize 
bucklingofthetubularmember715. The stabilize 765 may compriae any number 
of conventional conunerdally available stabilizers such as, for example, £Z Drill 
Star Guides, packer shoes or dragblocks modified in accordance with the teachings 

25 of the present disdosuie. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TK. 

In a preferred embodimrat, the support membera 745 and 760 are 
tborou^ cleaned prior to assemb^ to the remaining portions of the apparatus 
30 700. In this manner, the introduction offoreign material into the apparatus 700 
is minimized. This minimizes Uie possibifity of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodimenti before or after poatianing the apparatus 700 
within a new section of a weQbore, a coiqde of weDbore vohunes are circulated 
throu{^ the various flow passages of the apparatus 700 in order to ensu^ 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of ttie qiparatos 700 and to ensure that no foreign 
material intcrfarea with the ««pimmm mMidwil 7QS Ammg tha Agpmffj^ pypcggg^ 

In a preferred embodiment, the ^iparatns 700 b q«ated s^ 
described above with reference to Figs. 1-7 to form a new section of cas^ 
awellbore. 

10 AsiDnatratedinRg. ft, inanaAttar mllmkinurm t Mm \ omlwwti^^t 

end apparatus described herein is used to rqmir an eristing wellborn 
by forming a tubdar liner aiQmsida of tha mtding ipriThnm inirfiig ^ 

preferred emhndfmpnt, an outer anmiiar lining of cement is not provided in the 

rq>airad section. In the alternathns preferred embodiment^aiv number of fluidic 

15 materials can be used to eqiand the tubular liner 810 into intin^ 

the damaged section of the weUbore casing such as» for «!wnpj f^ tm^f^ %^ epaxy, 
slag mix, or drilling mud. In the attemative pn&md embodiment, sealmg 
menibers 815 are prefonb^provided at both ends of the tubular memb^ 
to optimally provide a fluidic seal In an altemative preferred embodiment, the 

20 tubular liner 810 is formed withm a hflri«mitB% pari Amrf jriprftTW* wfrtiftn, mif h 
as those used to transport hydrocarbons or water, with the tabular Hner^^^ 
in an overlappingrelationship with the adjacent pipeline section. Inthismanner, 
underground pipelines can be rq>aiied without having to dig out and r^^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and i^Tparatus 

desaribed herein is used to direct^ line a weUbore with a tubular In a 

preferred embodiment, an outer annular Uziing of cem^ is not provided between 
thetubularliner810andthewellbore. In the alternative preferred embodiment, 
azvy nimd)er of fhiidic materials can be used to e]qpand the t^ 

30 intimate contact with the wellbore such as, for example, cement, epoxy, slag mix, 
or drilling nrad. 
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Referring now to Figs. 9, 9a, 9b and 9c, a prefierxed embodiment of an 
apparatus 900 for forming a wellbore casing includes an ezpandible tubular 
member 902, a support member 904, an eq>andible mandrel or pig 906, an^ 
908. In a piefen:ed embodiment, the design and construction ofthe mandrel 906 
5 and shoe 908 permits easy removal of those elements by drilling th^ 
manner, the aas^nblty 900 can be easily removed from a wellbore using a 
conventional drilling iqjparatus and corresponding drilling methods. 

The ezpandible tubular member 902 preferably indodes an upper portion 
910, an intermediate portion 912 and a lower portion 914. Duxingoperationofthe 
10 apparatu8900,thetiibi]larmember902i8pieferdi4yes^^ 

906 l7 preasurising an interior regicm 966 of tiie tabular m TbB 
tubular member 902 preferab^ has a BubstantiaOy ann 

lpapaTtiffi^i»^!yprfffiTrp^finK9^ 
i8coupledtotheupperportion910oftheeq>andabktobularmember9 During 

15 operationoftheapparatu8900,thetabularmember915isprererablyes^^ 
ftf th^ wiiMu^w fti Mfi hy pwiBauTiging the interior region 966 ofthe tubular member 
902. The tubular mBmber915prefeiah^ybasasu bst a nt ia l| yaimnltf 
In a prefmed embodunent, the wall thickness of the tubular member 915 is 
greater than the waU thickness of the tubular member 902. 

20 The tubular member 915 may be bbricated fkom any number of 
conventional oooaaBeEciaUy available materials such aa, for example, oilfield 
tubulars^ low alloy steels, titanium or stainless steels. Inapreferred embodiment, 
the tubular member 915 is fiabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical pn^rtiesas the tubular member 902. 

25 Inaparticularlypreferredembodiment,thetufaularmember915ha8apla8ticyi^ 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
aOTro™mtdy the same yidd properties as the tubular member 902. Thetubular 
member 915 may comprise a phirality of tubular members coupled end to 

In a preferred embodiment, the upper end pwrtion of the tubular member 

30 915indudesoneormoresealingmOTber8foroptimalfyprovidingafluidicand/or 

gaseous seal with an <»^g*^"e section of wellbore casing. 
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In a prefei ' j n ed eznbodiznent, the combined length of the tubular members 
902 and 915 mr^ HaatfA tn mmiTni«» «ii»pngiyi>l|y<y /tfh^rl^^'tig Fortypical tubular 
meniber materials, the oombined length of the tubular me^ 
Hmited to betweoi about 40 to 20,000 fieet in length. 
5 The lower portbn 9 14 of the tubular member 902 is preferably coupled to 
the8hoe908l7athreaitedconnectian968. Tlieistennediateportion912ofthe 
tubular member 902 pie&rab^ is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be ftbricated from any number of 
10 conventional commercial^ available audi a% fbr •••wyl f^ f%nMA 

tubulars, km allqy steels, titanfaun or stainless steda In a prefoied embodiment, 
the tubular mente 902 is fiabzicafeed ftom oilfi^ 

Inaparticulariy p r efer rtd innh o diment , the tubular 
16 point ranging from about 40,000 to 186,000 psi in order to optimal^ provide 
appr oximatRly the asme yield p mp grii ga an Am faihyljiy yftgmber 916. 

The waU thickness of the upper, intennediate, and lower portions, 91^^ 
and 914 of the tnbular memhgr 902 miy far amwwpV^ ^hp^^f t^r 1 S 

inches, In a preferred gmhndiitifln tha wall thinlnwMya nfiha wppgr^ \j\f mma^i^tf^^ 

20 andlowerpmtion8,910,912and914ofthetubularmember902ran9 

1/8 to 1^ in order to optimfllly prrrotdn mM tMf Vkhm f nw* f bmit the same as 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 9 14 is less than or equal to the wall fti rknec fff of the upper portion 
910 in order to optimally provide a geometzy that will fit into tight He^^rffnrpg 

25 downhole. 

The outer diameter of the upper, faitermediate, snd tower portions, 910, 9U 
and 914 of the tubular member 902 nucy range, for example, from about 1 .05 to 48 
inches, Inapieferred embodiment, theouter diaxoeter of thetQ>per,intennediate, 
and tower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is prefierably iSmitArf to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a bo^ of hibricant 

The tubular meznber 902 may oon4>ri9e ax^ number of conventional 
5 tfmmt»m fkHy ftvuilAhlg tiihulflT mfimbers modified in accordance with the tftarhinPB 
of the present disclosure. In a prefened embodiment, the tabular niember 902 
conqsrises OilfieU Coimtiy Tubular Goods available fr^ 
The t^iHi ^inr member 915 may comprise any number of conventional oommerdaUy 
available tubular members wwiHiii«i in aeoordanoe with the tfwrhiiieB of the 

On fi^ rm^fi^Tj Ttthnlmr Goadfl scvaflflblc from variona UA steel miDa. 

Tlie various elenients of the tubular member 902 may be coiqi^ 
number of conventional process such as, for emmple, threaded coimections, 
welding or machined from one inece. In a preferred embodiment, the various 
15 Aijmywitg of the tubular member 902 are coupled using wdding. The tubular 
member 902 nuy comprise a pluraUty of tubular dements that are coiq)led en^ 
end. The various elements ofthe tubular member 916 m^y be ooiqdedusi^ 
number of conventional process such as, for eiample, threaded connections, 
welding or from one piece. In a preferxed embodiment, the various 

20 dements of ttie tubular member 915 are coupled using wddhig. The tubular 
member 915 may conqirise a pbiralily of tubular dements that are coq>l^ 
end* Tlie tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, wdding or 
machined from one piece. 
26 The support membtf 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the fln>azatU8 900, the support member 904 preferably siq^ 
duringmovementof the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materialfl such as, for e rample , oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the siq^port xxiembex 904 is fabricated fit>m low alloy steel in order 
to optimal^ provide hi^ yield strength. 

The innerstaring adaptor 916 prefierabfy is coupled to and supported by a 
conventional drin string support from a BaxfiBcek)cati The innerstring adaptor 
5 916 ma^ be ooiqded to a conventional drill string support 971 by a threaded 
oonnectiQn 970. 

13ie fhxidpassBge 918 isprefersb^uaed toconvey fhii^ 
toandfiomtheq)parBtU8900. Tn « pntfiapmH armivwiwnm%t^ tbi» flTiid pflflaoge 91B 
is fhiidie^ coupled to the finid passage 952. In a prefierrad embodiment, the fluid 

qnMntii8900. Xnapartjcolar^yprrfaTedrmhodfrnwi^ttiefhridpassB^ 
inchide one or more pressure relief passages (not ilhistrated) to leleaae fluid 
pressure dnringpoaHinnmgof the apparatosSOOwith^ Inapreferred 
emhodiment , the flnid passage 918 is positi o ned along a longitudinal centerline of 
15 the4iparatus900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyanoe of hardenable fluidic materials at operating pressures 
ranging ftom about 0 to 9,000 psL 

The iqqier guide 920 is coupled to an iQqper portion of ^ 
904. The upper guide 920 preferab^ is adapted to center the siqqwrt member 904 
20 within the tubular member 916. llieiq)per guide 920 m^ycooqaise any number 
of conventional guide membm niodified in acoordanoe with the teachings of tltt 
present disclosure. In a preferred embodiment, the ufqper guide 920 comprises an 
innerstring adulter available from HalHburton Energy Services in Dallas^ IXoider 
to optimal^ guide the apparatus 900 within the tubular member 915. 
25 l^coi9lmg922 eouples the supportmember 904 to the mandrel 906. ^ 
coupling 922 preferably comprises a conventional threaded connecto 

The various elements of the support member 904 may be gnnplflH inring ^ ^ 
number of conventional processes such as, for ezanqde, vrelding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements ofthesiqiport member 904 are coupled using threaded conned 

The mandrel 906 prefisrabfy inchules a retainer 924, a nibber cup 926, ^ 
espanmon cone 928>alower cone retainer 930,abod(y of cement 932,a 
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934, an extension sleeve 936, a q»cer 938, a boufii^ 
upper oone retainer 944, a lubricator mandrel 946, a lubm 

950, and afluid passage 952. 

Tlie retainer 924 is coupled to the lubricator mandiel 946» hibti^ 
5 948, and the rubber cup 926/ The retainer 924 couples tbe rubber cup 926 to 
hibricator sleeve 948. The zetainer 924 preferably has a substantially snnular 
cnsas-aection. The retainer 924 may comprise any number of conventional 
oommerciaUy available tetainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber ciq> 926 is coupled to the retainer 924, the hibricatarm 
946, and the lubricator sleeve 948. Tbe rubber cap 926 prevents the entry of 

rubber ciq> 926. The rubber cup 926 may comprise any number of conventional 
commercial^ available rubber cups such as, for examfde, TP cups or Selective 

15 Izqectkm Packer (SEP) cup. In a iweferred e mb od iment , the rubber cup 926 
comprises a SIP 09 available £bom Halliburton Energy S 
onler to (qitimally block fbrejgn materials. 

Jn a particular^ preferred embodiment, a body of lubricant is foriher 
provided in the interior region 972 of the tubular mendier 902 in onler to ^ 

20 the interfiuse between the exterior sur&ce of the mandrel 902 and the interior 
surface ofthe tubular members 902 and 915. The hibricant m^ conqirise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based hibricants, oil based hibricants or Caimax 1500 Antiseize 
(3100). Inapreferred embodiment, thelubricantcomprisesClimaxlSOOAntiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TJC in 
order to optimaUy provide lubrication to fiadliate the extnision process. 

>rKa j^nriflfi «me 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

SO apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
sur&oeofthe expansion cone 928. In a preferred embodiment, axial movement 
oftheexpansion cone 928 is preventedby the lower cone retamerS30,housing940 
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and the iqiper cone retainer 944. Inner radial movement of the eqianaion eone 
928 is prevented tlie body of cement 932p the housing 940, and the 
retainer944. 

The e9q[>ansian cone 928 prefierablyhasasabstantia^ 
5 The oatsidedianmter of the eqmnsion cone 928 is prefer 
a cone shape. Hie wall thickness of ttie eipansinn cone 928 mqr range, for 
esample, firom about 0.125 to 3 indiea. In a preferred embodiment, the wall 

thickness of the eipanaion cone 928 ranges fiom about 0.25 to 0. 75 inches in or^ 
to ontamallv provide adagPAte e nmpj eai rf iwft rtmngtft mih mmwual wMrtoi^ ffli 
10 maxinnnn and mininmm mitritiA A im mt ^ r a wftliA ggjMfWfi^ mntk 99^ twi y wmgo 

fisreiample^firomaboiztlto47inehe8. Ihapretexedembodiment^theniammnm 

and minifnnfn CMtaiiift Aj^wnnt^ wf tfw mwjpmt^ p9ff nmgP flrom nbout 3JB 
to Minordertooptimallb^provideeqiansfamafgBneral^s^^ 
llieesqnnaion cone 928 may befUineatedftomaiQrni^^ 
15 oommerdally available materials such as. foreiam|Je^ ceramig, tool gtoal, Hfamiww 

orlowallqysteeL In a preferred embodiment^ (he eipansian cone 928 is fkbricated 
from tool sted in order to optimally provide high strength and ah^^ 

The surikoe hardness of the outer sorfaoe of the ezpansian cone 928 may r«^^ 
example, from about 50 Ro(±wellC to 70 Rockwell C. InaprefiBrredembodiment^ 

20 the suifiaoe ha rrtne ss of the outer soxiaee of the expansion cone 928 ranges from 
about 58 Bodcwell C to 62 Rockwell C in order to optimaQy provide hi^ yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimal^ provide a hard outer surface and a resilient interior bo^y in order to 
optimally provide abrasion resistance and fracture tougimess. 

25 The lower cone retainer 930 is coopled to the eipansion cone 928 ax^ 

h0using94O. b a preferred embodiment, axial movement oftheeq)an8ion cone 
928 is prevented Iqr the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular rrmro ncction. 

The tower cone retainer 930 may be fabricated from any number of 

30 conven tion a l commmdally available materials snch aa, fig emmpl<>j fwamiV fM\ 
steel, titanhxm or tow allqy steeL In a prefetzed embodunent, the tower cone 
retainer 930 is fiabricated from tool steel in order to opthnally provide hi^ 
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strength and abrasion resistance. The wirfnrff hnrdnffm of the outer surface of the 
bwer oozie retainer 930 may range, for eiaiiqde» tern about 50 Roc^ 
Rockwell C. In a p re f erred embodiment^ the surface haTdnem of the outer surliace 
of the bwer cone retainer 930 ranges from about 58 BoclrmU C to 62 Boc^ 
5 m Older to optimallljr provide high yield stzength. In a preferred embodiment, the 
tower cone retainer 930 is heat treated to optiinal^ provide a hard outer surfi^ 
find p wMniignt mtorior hftHy in order to optimalhr provide abrasion resistance and 

fracture tou^uiess. 

In a preferred embodiniant, the tower cone retainer 930 and the expansion 
10 cone 928 are formed as an integral one-piece dement in order reduce the numbtf 
of components and faicxease the overall strength of the apparatus. The outer 
surface ofthe tower cone retainer 930 preferah^ mates with the inne^ 

the tubular members 902 and 915. 

The body ofcement 932 ispositioned within the interior of the mand^ 
15 llie body ofcement 932 provides an inner bearing structure for the mand^ 

The body of cement 932 ftorther may be easi^drined out usingaa>nve^ 

device. In this maxmer, the mandrel 906 may be easily removed using a 

conventional drilling device. 

The body of cement 932 may comprise any nnmber of conventional 
20 commercially availabte cement conyounda. Altemativdy, a luminum, cast iron or 

some othfTdpiUM<» nifttiillic, gfimpoaite, or aggregate material may be substituted 

forcement. The body of cement 932 preferably has a substan ti all y annular cross- 

section. 

The lower guide 934 is coupled to the ertenaon sleeve 936 and housing 940. 
25 I>uringoperationoftheapparatus900,thetowerguide934preferablyhelp8gu^ 
the movementof the mandrd 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of oonvraitional 
commercially available materials sudi as, for example, oilfield tubulars, low alloy 
30 steel or stamless steeL In a prefened embodiment, the lower guide 934 is 
febricated from low alUiy steel in order to optimal^ provide hi^ yidd s 
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The outer surface of the k>wer guide 934 prefe^ 
of the tubular member 902 to pnmde a did^ 

The ezteufiion deeve 936 is omqded to the lo^ guu^ 
940. During operation of the apparatus 900, the ezteoflb 
5 helpsguide the movement of the inandrd 906 within the tubii^ 
The extension sleeve 936 preferab^ has a sobetantialitf ^Tinniwr cross-section. 

Hie extension sleeve 936 oufjr be fabricated from any munber of 
conventional eommerdaUy evailaUe materials such as, for <wT^plf*, oilfield 
tubulars, low alloy steel or stainless steeL In a preferred embodiment, the 
10 extension sleeve 936 is fiabricatedfiom km 

highyieldsbwigtlL The octersnrftoof the extension rieeve 936 pre^^ 
with the inner snrfiue of the tubular member 902 to provide a slid Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to i«fag™«> the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is ooi^led to the sealing sleeve 942. The spacer 938 
preferabtyinchidesthefluid passage 9S2 and is adap^ 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surfiue throu^ the fluid passages 918 and 952 into the fhdd passage 962. 
20 Preferably, tha ^paeap Mft Imp a mthmta^HMj nmmlfir frann wctioiL 

The spacer 938 may be fsbricated ftam any number of conventional 
oommerdaUy available materials such aa^ finr emmple, steel, ahiminum or cast 
iron. In a preferred embodiment, the spacer 938 is fU>ricatedfiTmiahiminum in 
order to optimaUypnmdedrillability. He end ofthe spacer 938 preferably mates 
25 with the OTdofthe extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are fonned as an integral one-piece element in 01^ 
to reduce the number of components and increase the strength of the iq^paratus. 
The housing 940 is coupled to the lower guide 934, extension sleeve 936, 

expansionoone928,body of cement 932, and lower cone retainer 930. During 
30 operation ofthe apparatus 900, the housing 940 preferably prevents inner radial 
motion ofthe equmfion cone 928. Preferabfy, the housing940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conv entional 
commeidalfy available materials such as, for ezanqple, oilfield tnbulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fiabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension deeve 936 and housmg940 
are formed as an integral one-piece element in order to minhnisft the number of 
components and increase the strength of the qiparatus. 

In a particular^ preferred embodiment, the interior suifisboe of the housing 
940 i n^h<^*>« one or more protrusions to fariliate the connection between the 
10 hou8ing940 and the body of cement 932. 

The sealing sleeve 942 is ooiqded to the support monber 904, the body of 
oemflnt932,theflp8oer938,andtheiqiperconereta]ner944. Oaring operation of 
t hff fippaf^tiii^ the Mating deeve 942 preferably provides support for the mandrel 
906. The8ealnigsleeve942isprefmbIyooupIedtothe8qqK^ 
15 thecoiqding922. Preferably, the sealing deeve 942 has a substantiaUy annular 
cross-section. 

Tha «wiiing bUhwi <U2 may be fabricated from any number of conventional 
commerdally available materials such as. for example, sted, ahnninnm or cast 
iron. In a preferred embodiment, the sealing deeve 942 is fabricated from 
20 oi nminwm in turAmr to optimally provide driHability of the sealing sleeve 942. 

In a partieulaity p re fe rred embodiment, the outer sur&ce of the sealing 
deeve 942 indudes one or more protrudons to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 deeve 942 are integraUy formed as a one-piece dement in Older to nmimixe the 

number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents aaddmotionof thee^Mndon 
30 cone 928. Preferably, the upper cone retainer 944 has a substantiaDy anmilar 

cross-section. 
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The tqyper cone retainer M4 augr be fabricated from any number of 
conventional conunerdaUjr available materials socb as, for example, steel, 
aluminum or cast iron. In a pref eri'ed embodiment, the upper cone retainer 944 
is flteicated from ahiminum in Older to optimally pnavi^ 
6 cone retainer 944. 

In aparticolar^ypacefmedfmhodiTnffnt, the upper retainer 944 has a 
crosfrMCtional sfaqpie dwdgned to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a crossHsectional •hyr ** 
that is substantially I-shaped to provide increased rigidity and 
10 amount ofmaterial that would lurve to be drilled out 

The lubricator mandrel 946 is coupled to tile retainer 924, th^ 
926, the upper cone retainer 944, the hibricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the hibricator mandrel 946 pre&rabbr 
contains the body of hibricant in the annular region 972 for lubricating the 
15 interfkoe between the mandrel 906 and the tubular member 902. Preferably, the 
hibricator mandrri fl4fl hiw a miKifa^^ijoi^ ftmilnr rnniB-sertion. 

Hie hibricabff mandrel 946 may be fUnicated from any number of 
oonventiimal oommerdality available materiala sndh aa, for «gi>tnp K steel, 
aluminum or cast iron. In a pr« few «ii mntwMimiant thf hbrifstftr mandrd 916 in 
20 f a bri cated from ahminum in order to optimal^ provide drillability of the 
lubricator mandrel 946. 

The hibricator sleeve 948 is ooiq)led to the hibricator mandrel 946, the 
retainer 924, the rubber cop 926, the iqiper cone retamer 944, the U 
948, and the guide 960. During operation of the qiparatus 900, the hibricator 
26 sleeve 948 prefierabty supports the rubber cup 926. Preferably, the hibricator 
sleeve 948 has a substantial^ annular cn>ss-sectiaiL 

The hibricator sleeve 948 may be fisd)ricated from any numb^ of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prefored embodhnent, the hibricator sleeve 948 is 
SO fefaricated from ahuninum in order to optimal^ provide driUability of the 
hibricator sleeve 948. 
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As iUostrated in Fig. 9c the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The hibricatar sleeve 948 in turn supports the rubber cup 
926. like retaizier 924 couples the nibberoQ) 926 to the lubricator sleeve 948. In 
a preferred eiabodiment, seak 949a and 949b are provided between the lubricat^^ 
5 mandrel 946, hibricator sleeve 948, and rd)ber cup 926 in order to optimal^ 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation oftheafiparatus 900, the guide 
950 prefexab^ guides the apparatus on the suiQwrtmaiber 90^ Preferabl|y, the 

10 guide 950 has a substantially annular c HMSDCCtian . 

The guide 950 may be fidnrkated from any mnnber of conventional 
oommerdaDy available materials such as, for example, steel, aluminum or east 
iron. In a prefiexred embodiment, the guide 950 is tsbncBked from alnminmn 
order to opthnally provide drillability of the guide 950. 

15 Tbe fluid passage 952 is oouidfid to the noiandrel 906. During operation of 
the apparatus* the fluid passage 952 preferably conveys hardenable fhiidic 
myteriftitt In a p r efe rred embodiment, the fluid passage 952 is poritioned about 
the centerUneofthe apparatus 900. In a particularly pr eferred embodiment, the 
fluid passage 952 is ad^ited to convey hardenable fluidic inaterials at pressures 

20 and flow rate ranging from about 0 to 9,000 psi and 0 to 8,000 gsllonsfain in order 
tooptiinal]ypravidepres8Uzesandflowratestodiq>laceanddrcnlate 

the installation of the a^qparstos 900. 

The various elements of the rnandrel 906 may be caiq>led \ising any num 
of conventional process such as, for example, threaded connections, welded 
25 connectionsoroementing. Inapreferredembodiment,thevariouselementsofthe 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably indudes a housing 954, a bodb^ of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the qsparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to fadlitate the eitn,immi and positioiungaf the tabular member 902. 
PwBB^Bb^y, the homing 954 baa a wihrtnutinHy annular cross-sectioii. 

The housing 954 nugr be fidbricated from axxj number of conventional 
oea nmer aaJfy availaMg nmtermlfl mich ab^ for mrnmplA, gtoul or «1 nTwitittTti Jjia 
5 preferred emhn^imtmt^ thft hflawng' flIU m fefmratAH fWim jijifm^Tiiww <^ ^nipf 

optima^7 provide dxiBabi^ 

b a partiraila^prefieRed embodimenty the interim 
954 includes one or more protmaianB to fa ril late the connection betwem the body 
of cement 966 and the housing 954. 

10 The hoi^ of eammt AM in tmpM in tfig htmpsng fl&A^ nTvf tfu* •ooH^g BlftfPST 

958. toaptefened-mnhodhnflntitteconipoBiam 

sdeetad to pennit the bo<|7 of eementte be eaaify drilled out ua^ 

Hie composition of the bodbr of cement 956 mqr inchade aiqr number of 
15 conventional cement compositions. In an alternative embodimentt & dzillable 

material imeh m, fftngminplft^ iihnttiitmn or n«m miy hft mlm^ ftr ftff bfrfj 

of cement 956. 

The sealing aleeve 958 is coopled to the bodbr of cemmt 956» the estens^ 
tube960,thefhiid passage 962,andoneormoreoutIetjetB964. During operation 

20 of the apparatus 900, the sealing sleeve 958 pre&rab^ is adapted to convey a 
hardpnahle fluidic material finom the fhud paggaga flS2 mtn tfiA f\niA pft«mg » ^9 
and then into the outlet jetn 9fti in ardmr to h^jflri: tin* hftTir?gnyl> |p fhii^jf m^t ^al 
into an annular region external to the tubular member 902. In a preferred 
embodiment^ during operation of the apparatus 900, the sealing sleeve 958 further 

25 ifirhidffl an inle t geometry that permits a conventional plug or dart 974 to become 
lodged in the inlet oftheaealing sleeve 958. In thia manner, the fluid passage 962 
may be blocked thereby fluididy isolating the interior region Qfifiof tha tailmbir 
member 902. 

In a preferred embodimenti the aealing aleeve 958 has a substantiaUy 
30 annular crosB-sectiaou The sealmgsleeve 958 mqrbefibricated from any number 
of conventional commercial^ available m^i^mkm gmsh ^ example, steel, 
ahnninnm or cast iron. In a p r efi B rred embodimenti the sealing sleeve 958 is 
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ftbricated bam aluminiun in order to opttmaUsr provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is anqded to the sealing sleeve 958, the fluid 
passage 962, and one or mote outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferab^ is adapted to convey a haidenabteflui^ 
material from the fluid passage 952 into the fluid passage 962 and th^ 
outlet jets 964 hi oxder to iz^ject the hardenable fiuidic matmal into an annular 
legion external to the tubular member 902. In a preferred embodiment, during 
operation of the ^iparatus 900, the sealhig aleeve 960 fb^^ 
10 geometry that permits a conventional pk« or dart 974 to become kd^ 
inlet ofthe sealing deeve 958. In this manner, the fluid passage 962 is blmfad 
therel7fluidic^i8olatfaigtheinteriorregion96eoftbetu^ In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the q)aoer 938 in ord^ to optunallbr faciliate the transfer of materia 

15 two. 

In a pieferred embodiment, the extmsion tube 960 has a substantial^ 
annular cross-eection. Theextenaontube960maybefiJ)ricatedflnomaiiynumb«' 
of conventional commercially available mataiBlw such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 ftbr^A^t^ fkom ahnninum m order to optimalbr provide driDabiliiy of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation ofthe flwaratus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic m a t er i als. In a 
25 preferred embodnnent, the fluid passage 962 is positioned about the centcrUne of 
the apparatus 900. In a particular preferred embodiment, the fluid passage 962 
is adfi«}ted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0to9,000pffland0to 3,000 gallonja/min in order to optimally 
provide fluids at operational^ efiOdent rates. 
30 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation ofthe apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the regum exterior oftheq)paratu8 900. In a pzefenred embodiment, tbe shoe 
908 inctades a phirality of outlet jets 964. 

&i a prefienied embodiment^ the outlet jets 964 conqirise 
the housing 954 and the bo4)r of cement 956 in order to fiunplify the 
5 oftheapp8rata8 900. 

Tlie various elements ofthedMe 908 mgy be coiqded using any 
conventional process sudi as, for example^ threaded connections, cement or 
machined from one piece of matmial In a preferred embodiment, the various 
elements of the shoe 908 are coi^sled using cement 

10 Inaprefinndenibodiment^tfaea8Beml^9OOis0perBted8abstantiaP7 
described above with refiBxanoe to FigB. 1^ 
weDbore or to rqiair a wellbore caaiiig or pqidine. 

In pa rti n ilar , in order to extend a weKbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formatimi to form a new section. 

The spparatns 900 for forming a wellbare caaing in a subterranean 
fornmtion is then positioned in the new section of the wellbore. In a particularly 
preferred emhodiment, the apparatus 900 inchides the tubular member 915. Ina 
p re f er r ed embodiment, a hardenable fhiidic sealing hardenable fhiidic sealing 
20 material is then pumped from a surfiEus location into the fluid passage 918. The 
hardenable fluidic sealing tnaterial then passes from the fhiid passage 918 iii^ 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then peases from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior waU of the new section of the 
wellbore. Continued pumpingof the hardenable fluidiesealinginaterialcauaesthe 
material to fill up at least a portion of the annnlar region. 

The hardenable fluidic sealing material is pr^arabty pumped into the 
30 aimnlarr^bn at pressures and flow rates ranging, for example, fimn about 0 to 
5,000 pa and 0 to 1,500 gallons^min, respective^. Inaprefierredembodimait,the 
hardenable fliiidicBpalingmaterial is pumped into the anmilarr 
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and flow rates that are designed for the spedSe wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating hi^ enough circulating pressures such that drculation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferabfy determined usmg conventional empirical methods. 

The hardenable fluidic f^^^^rng jn^fmai may comprise aiiy number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for ezamplei slag mix, cement or eposy. In a preferred embodiment, the 
hardenable fluidic sealing material conqirises blended cements Hj^gnaH 

10 BpcesBcaSfy for the well section being lined available fiom Hallibuiton Energy 
Senrioes in Dallas, TX in onier to 0ptima^y provide siQS^^ 
member while also maintaining optimal flow charactmstics so as to minimise 
operational difiBeulties during the displaoemmt of the cement in the ^wtmiAr 
region. The (qitimnmi composition of the blended cementsispreferab^determine^ 

15 using conventional empirical methods. 

The gtiwiiw region preferably is filled with the hardenable fluidic sealing 
material in sufiEUdent quantities to ensure that, upon radial expansion of the 

t^^K^i1fw> wimwKAr 1X19.^ th<^ AwniiUr Fftgion nf thg new aeefcion of the weUbore will be 

filled withhaidenable material. 

20 Once the annular region has been adequately filled with hardenable flu^ 
ft ftt uHng material, a phig or dart 974, or other similar device, preferabfy is 
introduced into the fluid passage 962 therein fluidiclty isolatingthe interior region 
966 of the tubular member 902 firom the external annular region. Inapreferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferabbjr is 
introduced into the fluid passage 962 by intnxlucing the plug or daxt 974, or othw 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufBdently pressurized, the tubular 
members 902 and 915 are extruded ofi'of the mandrel 906. The mandrel 906 may 
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be fixed or it may be ezpandible. Daring the extrusion im>oess, the manc^ 
is raised oat of the expanded portions of the tabular members 902 and 915 uang 
the support member 904. Daringthisertrnmmiprooess^ the shoe 908 is preferably 
8ub£tantially stationary. 
6 The phig or dart 974 is pretoBbiy placed mto the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a sorfiBce k>^^ 
a conventional manner. The pbig or dart 974 may comprise any number of 
conventional commerdallY available devices fig phigging a flnid paggagg* mmh ^ 
for example, Multqde Stage Cementer (MSG) latcbdownphig. Omega latch-down 
10 phigorthiee-wqierlatchdownphigmodifiedfaaooordaneewiththetead 

the present disdosure. La a preferrBd wnhndhnmt^ the ptogordrntOTA wrniprfgeg 
aMSC latch-down pfaigavBilahlefiom Halliburton En^^ 

After placement of the plug or dart 974 in the flnid passage 962, the non 
hardenable fluidic material is pxeferab^ pumped into tbb interior regicm 966 at 
15 pressures aiid flow rates rangiiig from approximate 600 to 9,000 pa sod 40 to 
3,000 gsllonatein in order to optiinalty extrude the tubular member 
o£f of the mandrel 906. 

For tgnisical tubular members 902 and 915, the wrtnisimi of the tubular 

20 of the interior region 966 readies approodmatebrSiM to 9,000 pel biaprefarred 
embodiment, theeKtni8bnofthetubuIarmembera9Q2«Dd9Uoffofthenian^^ 
906 begins when the pressure of the interior region 966 readies aiqiroxiniately 
1,200 to 8,500 pa with a flow rate (tf about 40 to 1250 galkmfl^ninute. 

During the extrusion process, the mandrel 906 may be raised out of Hbe 

25 ex p an ded portions of the tubular members 902 and 916 at rates ranging, for 
example, from about 0 to 5 ft/sec. In aprefimred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimal^ provide pulling speed fiast enou^ to permit efficient operation and 

30 permit full expansion of the tubular members 902 and QIB prior to mritig nTtht^ 
hardenable fluidic sealing material; but not so &st that timely a4justment of 
operating parameters during operation is prevented. 
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When the iqyper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular mo 
916 will preferabfy contact the interior surface of the lower end portion of the 
existingcasingtofoTmanfhudti^toverlappingjoint. Tlie contact pressure of the 
5 overiqipingjoint may range, for exanq)k, from approiimatefy In 
a pre(er r B d embodiment, the contact pressure of the overlappingjoint between the 
iqq)er end of the tubular member 915 and the existing section of wellbore casing 
w»Tigp>g frnm jippmrmatrfy 400 to 10,000 psi in order to optimally provide contact 
pressinre to activate the sealing members and provide optimal resistance sudh that 
10 thy m gmh flT Q1 R tmd Baafiting wBllhQre casfaig wfli carty typical tmidl ft and 

compressive loads. 

fa a pref e r re d embodiment^ the operating pressure and flow rate of the 
hardenable fhiidic material will be controUab^ ramped down when the mandrel 
906readie8theiq3perendportioaoftbetubularmember915. In this manner, the 

15 md ^^ release of pressure caused Iqr the complete extrusion of the tubular 
member 915 offofthe expandable mandrel 906 can be Tninimimi InaiOTfiBrred 
embodiment, the operating pressure is reduced in a substantiaUy linear fashion 
ftom 100% to about 10% during the end of the extrusion process beipnning when 
the mandrel 906 has completed approximate^ all but about the last 5 feet of the 

20 extrusion process. 

InanatteHMtwepreferredemhodimqit^thBoperatingprBssurean^ 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation of the aniaratus 900 to 
minimise g^^^^^r 

25 AIternative^,orincQmbination,a8hockabsorberiBprovidedinthesi^^ 
member 904 in order to absorb the diock caused by the suddoi release 

Alternative^, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed firom 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 
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iqiper portion of fhe tubular mftmhpr 915 and the lower portion of the 
casingis tested UfiingoonveDtionaIniethod& Ifthefhiidic seal of the overlapping 
joint between the iqiper portion of the tubular member 915 and the to 
of the eziating casing is satisfactoiyy tten the uncnred portion of ai^ of the 
5 h a rdenab le flnidic aeaKng material within the eqmnded tubular member 915 is 
then removed in a conventional manner. The hardenable fhiidic sealing material 
within the annular tegian between the eqsanded tubular member 915 azid the 
esstmg easing and new section of wellbore is then allowed to cure. 

Prefierab^y any remainiiig cured hardenable fhiidic aealing materiAl wi thin 
10 theinterioroftheaqiandedtnbularinemben9Q2and916isth^ 

convent ional marnier using a conventional drill string: The resulting new section 
of casing prrfierab^yinchidestteeKpanded tubular member 
outer annular layer of cured hazdenable flnidic sealing material The bottom 
portion of the q>paratu8 900 conqirising the shoe 908 may then be removed by 

15 drilling out the shoa flOR using cmi mnHnn^ X rff fltitig iwaAft^^g 

In an alternative embodiment, during the g»tniffion process, it may be 

necessary to remove the entire apparatus 900 from the mtoior of the vvell^ 

toamalAinction. In this dirnmstance, a conventional drill string is used to drill 

out the interior sections of the apparatus 900 in order to £EidUt^ 

20 the remaining sections. In a prefetxed embodiment, the interior elemmits of the 

apparatus 900 are fiobricated from materials such as, for eiample, cemoat and 

aluminum, that permit a conventional driU string to be employed to driU o^ 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrd 906 and dioe 908, induding one or more of the bod^ of 
cement 932, the spacer 938, the sealing sleeve 942, the vpper cone retainer 944, 
the hibricator mandrel 946, the habricator sleeve 948. tfaa gmda flSQ, thA hni^^^ 

954, the bo4r of cement 956, the sealing sleeve 958, and the extension tube 
are selected to permit at least some of these components to be drilled out usmg 
30 conventmnal drilling methods and sn»ratua Inthismanner,intheevent of a 
maUtanction downhole, the apparatus 900 m^y be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOga method and 
fl^^saiatas for czeating a tie-back liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first easing 1004 and a second casing 1006. 
5 The fint casing 1004 preferabfyizichides a tubular liner 1008 and a cement 
annuhislOlO. The second casing 1006 fniefaFably indndes a tubular 1^ 
and a cement annutus 1014. In a preferred embodimenty the second casing 1006 
iff ffyrmiMf hy ^»»pflTiHtng a tnhnlflr membgr fflihstantiBUy as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 
10 In a particular^ preferred embodiment, an iivper por:^ 
liner 1012 overlaps withalowerportionof the tub^ 

prafarH **Hn>^"*<^^ flfiwrtfigmrfkmofthe upper portion of the tubular liner 
1012 inchides one or more sealmg members 1016 for providing a ihiidic seal 
between the tubular Imers 1008 and 1012. 

16 Referring to Fig. 10b, in order to create a tie-back liner that extends ftom 
the oveiiap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferab^ provided that inchides an expandable mandrd or ^ 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1185, one or more fluid passages 1140, seals 1145, and a 

20 support memiber 1150. 

Tlie fflr r*"^"*^^'* mandrel or pig 1105 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commerdally available e xp andab le mandrels 

25 modified inaccordance with the tearbingsofthepresentdiadosure. InaprtJ^red 
embodiment, the eiqjandable mandrel 1105 comprises a hydraulic cqwnsion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disdoaire of which is 
incorporated herein lyreferena, modified in acconiance with the teachi^ 

present disclosure. 

30 The tubular member 11 10 is coupled to and supported hy the expandable 
mandrel 1105. The tubularmember 1105 is expanded in the radial direction and 
extruded off' of the expandable mandrel 1105. The tubular member 1110 m^ be 
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fUlricated from aiQr imznber of ^ 

TiibtiIarGoods»lSdiniaiiiimt^ In a preferred anbodiment, 

the tubnlar member 1110 is fiateicated fl^ 

The iimer and outer diameters of the tubular mem^ 
5 example, from awiroadmatehr 0,75 to 47 inches arid LOS to 48 inches, respectively. 
In a pxefeiied emhodimpnt., the iimer and outer diameters of the tubular member 

mo range from about 3 to 15 J indies and 3^ to 16 indiea^ respective^ m oide^ 
to optimfllly provide cnwaragi ihr iypiwii AflfiftM wnptug The tubular member 
1110 preferabib^ oompnses a solid member. 

10 In a prrfemd emlvMiimgnl:^ thA ppp^ m<i poftton 1?^thft tiih^lay ?Mtn | ^ 

1110 is slotted, pecfixrated, or otberwise modified to catch or slow down the 
mandrel 1105 vAen it oonqrieteslteeKtnision of tobultf In a 

prefiened embodiment, the length of the tabular member 1110 is limited to 
minimise the possibilitgr of budding. For Igppicaltubularmember 1110 materials, 
15 the length ofthe tubular member 1110 is prefoabfy limited to betw^ 
to 20,000 feet in length. 

The shoe lllfi ia emipiflri tr% tha fl»p<mH«vi^ ^mdf^l 1 IPS and tho tuhnlar 
member 1110. TheshoelllSindiides the fluid passage 1135. 'Die shoe 1115 may 
comprise any number of conventional commercial^ a:vailable shoes such as, for 
20 ezample,SoperSednfloatshoe,SaperSeaini)own-Jet£^ 

with a saalmg sleeve for a latdi down phig modified in accordance with the 
teachings of the present disdosure. In a prd erred embodiment, the shoe 1115 
comprises an ahuninum down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX,nu)dified in accordance^ 

present disclosure, in Older to optima% guide the tubular member 
overlapbetwemthe tubularmember 1100 end tha eMmg ioig^ Ap Hitiaiiy fh^^^if^y 
isolate the interior of the tubular member 1100 after the latch down phxg has 
seated, and optimal^ pennit drilling out of the shoe 1116 after completion of the 

In a prefiened embodiment, the shoe 1115 faidudes one or m^ 
ports 1140 in fluidic communication with the fhnd passage 1135. btfaismanner, 
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thfl shoe Ills objects haTdgnflhtelhadi>>»wliiiginwt^^ 
shoe 1115 and tubular member 1110. In a pr e fer red emb odimmit, the shoe 1115 
inctadffg one or more of the fluid passages 1140 each havingan inlet geometry that 
can receive a dart and/or a ball sealingmember. In tlus manner, the fluid passages 
5 1140canbe8ealedofl'fayintrodudngaphig,dartand/orban8ealingelemm 
the fluid passage 1130* 

The cup aeal 1120 ia coupled to and supported by the siqiport member 116^ 
Tlie cup seal 1120 prevents foreign materials from entering the in^ 
the tubttlarmember 1110 a4jaoentto the expandable mandrd 1105. Ihecupseal 
10 1120 may oonqviae any number of conventi<maloommeraa^ 
such aS| eumple, TP 

accordance witli the teachings of the present disdosnre. Jn a pr e fe rred 

embodiment, the 09 seal 1120 conqirises a SIP ciq>, available fiom 

Energy Services in Dallas^ TX in order to optimaUy provide a barrier to ddiris and 

15 containabody of hibricant 

Tbe fluid passage 1130 permits fluidie materials to be tranqxnted to and 
from the interior region of the tubular member 1110 below the eq»ndable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The ihiid passage 1130 

20 pieferab^ extends from a position a4|acent to the surfince to the bottom of the 
esqpandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the ^paratus 1100. The fluid passage 1130 is preferably selected 
to tranqwrt materials such as cement, driUing mud or epories at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The Ihiidpassage 1135 permits fhiidicxnaterialstobetransmittedftomfinU 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidie materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. Thefluid 
passages 1140 are coupled to and portioned within the shoe 1115 in fluidie 
communication with the interior region of the tubular member 1110 below the 
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eipandahle mandbrd 1106. The fluid passages 1140 preferably have a cross- 
sectioTial shape that perndtsaphig, or other sn^^ 

passages 1140 to thereby block further passage of fluidie Tnatmals. In this 
manner^ the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fiuididy isolated fiom the region exterior to the tubular 
member 1105. Ihis permits the interi arragion of the tubolar member 11101^^ 
the expandable mandrel 1105 to be pressurised. 

The fluid paseages 1140arepreEsrabbrpositionedalaDgtheperipheiyof the 
shoe 1115. The fluid passages 1140 are preferablljr sdeeted to convey materials 

10 such as oonexxtydrillizig mud or epoxies at flow rates and pressures ranging^ 
about 0 to 3,000 gsDonaAnimite and 0 to 9,000 pel in order to optimal^ AD the 
annular region between the tubular member UIO and Oe tubular liner 10^ 
fluidie materiala Inaprefierredenibodiment thefluidpssssges 1140incfaidean 
inlet geometry that can receive a dart and/or a baD sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passsge 1130. In a preferred 
embodiment, the c^jparatus 1 100 inchides a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1115 inchides a dngie 
inlet passage coupled to the fluid passages 1140 that is adapted to rec 

20 or other similar device, to permit the interior region ofthe tubular member 111^ 
to be fluididy isolated fixmi the exterior of the tubular member im^ 

The seals 1145 are coiqded to and aqiportedlqr akmer end portion of the 
tubular member 1110. The8ealsll45arefurtherpo8itionedon an outer surface 
ofthe lower endportionofthe tubular member 1110. The seals 1145 permit the 

25 overiappingjoint between the upper and portion of the easing 1012 unA tlw 

end portion of the tubular member 1110 to be fluididtir aealed. 

The aeals 1145 nugr amqirise aqy wiw^^^fr of conventional commerciaUy 
available seals such as, for exanq)le, lead, rubber. Teflon or epaxy seals modified 
in accordance with the teachings of the present disdosnre. In a prefemd 
30 embodiment, the sea l s 1145 comprise seals mrfdcd from Stiatailftelr <ywy n^Ma 
from Halliburton Energy Services in Dallas, TK in order to optimally provide a 
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--N fij^f ^ilie fiaal in tha ovriflppmg j nfnt fl n d optimfll^ provide l o ad ca n yingcapadty 

^pj t^flfamii thft wifigft typieal tenaile and cmnpreasiTO loads. 

In ft piyfpn^ yi ^lp^imgnt , the figftlfl 1 145 are aelactad to optimally provide 
a 8u£5dent firidioiial ft ice to sapp^ 
5 tubularlinerlOOS. Inaprefer^ 
ff fft lft 1145 ranges from about 1.000 to 1.000.000 Ibf in tension and oompzession in 
order to (^ytimally support the expanded tubular 

Tlie support member 1150 is coupled to the eipandable mandrel 1105. 
tubular member 1110. shoe 1115, and seal 1120. The support member 1150 
10 pfffr ryhly ^ftiprlapa.m awtiw lay mMmhar haviny snflMwit strength to csiry the 
qiparatns 1100 iidb'the^dlbim 1000. bapraii9Efedembodiment»thesiqiport 
ipfw>ww 1160 fiirther inchidw^ one or more conventional centralisers (not 
illustrated} to help stabilize Hie tubular member 1110. 

In a preferi^ embodiment, a quantity of hibricant 1150 is provided 
15 yrmwlar ngiou sbove the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion ofthe tubular member 1110 
o£r of the expandable mandrel 1105 is fadUtated. The hibricant 1150 may 
Gonq>rise axQr number of conventional commercially available lubricants such as, 
fffT ftfi^^r ^, Taihriplflte^chlorinebaaedhibricantsor Oimax 1500 Antia^ 
20 In a prefe rred enibodimcnt. the habricant 1150 comp ri iCTCl^^ 
(3100) available fhmi Cahnaz Lubricanto and 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is tliorou^ily ck^^ 
prior to assemb^ to the remaining portions of the apparatus 1100. In this 
25 manner.theintrodudaonofforeignmaterialmtotheapparatusllOO^ 

This ^^^^^ the posdbili^ of foreign material dogging the irarious fbw 
passages and valves ofthe apparatus 1100 and to ensure that no foreign material 
interfms with the expansion mandrel 1105 during the extrusion process. 

In a particulariy preferred embodiment, the apparatus 1100 inchides a 
SO packer 1155 ompled to the bottom section ofthedu>e 1115 for fhiidiclyi^ 
theregionofthewellbofe 1000 belowiheanwatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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flgsparatus 1100. The packer 1165 nuQr oomprise any nuinber of oonTentioiial 
ooznmerdally available packers such as, for eiwmple, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preforred emhodhnent^ the packer 
1166 ocmiprises an EZDrinP&der available fitmHal^^ 
5 DaUaSiTZ. In an alternative enibodiznenti a hi^ gd strength piU may be set 
belowthetie-backinplaoeofthepackerll55. banotfaeraltemativeembodiment^ 
the packer 1165 may be omitted. 

In a prefeized embodiment, before or after positiotting the appar 
within the weObore 1100, a ooq^feofwellbcTOvolnmea are circulated in order to 
10 ensure that no foreign materials are located within the ipd^ 

clog ijp the vaiioos flow passages and valves ofthe apparatus 1100 a^ 

that no foreign material interferaa with the operation of the oqMnsion mandrel 

1105. 

An ilhurtrftted in Fig inr^ a hgrrimfthltt ihnAit* ft^lrn^n^^^mnl 1 160 Ifl then 

15 punq)ed fipom a surfoce location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the eipanriflhle mandrel 1105. The material 1160 then passes 
fit>m the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continned pumping ofthe material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

TbB material 1 160 may be pumped into the region at pressures and 

flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtonaAnin, reflectively. Inapreforred embodiment, tfaemate^ 

into the annular region at pressnxes and flo^ rates qwdfical^ designed for the 
casing sixes being run, the annular spaces being filled. Hie pumping equipment 
available, and the p r operti es of the fluid being pumped. The optimum flow rates 

30 The hardenable fluidic sealing mafiro l 1160 may comprise any number of 
conventional commercial^ available hardenable fluidic sealing mafr^oi^ gocli as, 
for example, slag mix, cement or qxoy. In a prefecxed embodiment, the 
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hazdenable ihiidic ftMimg material 1160 oomprises blended cements spedficaUjr 
Ai^^t^ for well section being tied-back, available from Hallibarton Energy 
Sffrif^ in T>niiig^ Ty in nTHw to optiina% provide proper support for the tubolar 
member 1 1 10 while tn«mfniTiifig optimum flow characteristics so as to minitnige 
5 npcMfirmfli liifBffiiltiflft liiirmg thft Hti qilflflffine nt of cement in the annnlar region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The ^nrtnUr region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial espanaon of tiie tubular member 1110, the 
10 annular region wiU be filled with Biaterial 1160. 

AaOhirtratedinFig. lOd, once the annnlar region has been adequately filled 
with material 1160. one or more phigs 1165. or (rtiher similar device 
aze introduoed into the fluid passages 1 140 thereby fluidicly isolating t^ 

region of tfaf t^lK^*^<»^ mftmbfr ^ fmm tfu* ^tinnlftr r^m eatotial to the tubular 

IS member 1110. Inaprefenedembodiment^anonbardenable flu id Tcm a tm al 1161 
is then pumped into the interior reffoa of the tubular member 1110 below the 
mandrel llOScausingtheinteriorregion to pressurize. Inaparticulariyprd'erred 
embodiment, the one or more plugs 1165, or other sixnilar devices, are introduced 
into the fluid passage 1140 with the introduction of the non h a r denn hle fluidic 

20 materiaL In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior r^on becomes sufBdent^ 
pressurized, the tubular member 1 1 10 is extruded off of the exp a nd a b le mandrel 
1105. During the extruaon process, the eqwndable mandrel 1105 is rai^ 

25 the expanded portion of the tubular member 1110. 

TbB phigs 1165 are preferably placed into the fluid passages 1140 by 
introducing the phigs 1 1 65 into the fluid passage 1 ISO at a surfiem location fa& a 
conventional manner. The plugs 1165 may comprise aiqr number of conventional 
commercially available devices from plugginga fluidpamagesudi as, for example, 

30 brassballs, plugs, robber balls, or dartsmodifiedinacoordanoe with the teacfai^ 
of the present disdosore. 
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In a pre fen PBd embodimmt, the plugs 1165 oomiitise low density rubber 
balls. In an altenative embodiment, for a sh^ 
inlet pB8sage» the pbigB 1165 eomprise a sin^ latch down d 

After placement of the phigs 1165 in the fluid passages 1140, the non 
6 hardmahle fluidic material 1161 is igeferab^y pumped into the interior region of 
the tubular member 1110 bdow the mandrel 1105 at preasores and flow rates 
ranging from appnndmat^ 600 to 9,000 p& and 40 to 8,000 gallonsAnin. 
InaprBfen:edembodiment,afterplacementofthephigBll6Sintheflui^ 
1140, the non harrtpnahle finidie material 1161 is preferab^ pun^ied into the 

10 interior rqgionofthetnbularmendMr mo behmthemandrel 11% 

and flow rates ranging from fl|q[izozxnuM7 1200 to 8500 psi and 40 to 1250 
gftHm^iti m ftrHftf ftpttmaHy pTffTMft ffrtnisiftn of tjpiflal ttibnlarg. 

For typical tubular members 1110, the ertrosion of the tubular member 
1110 off of the eipandahle mandrel 1105 will bcigin when the pcessore of the 

15 interior region ofthetubulsr member 1110 below tiiemandrd 1105 

ezan4>le, ^sprozimate^ 1200 to 8500 psL hi a preferred i^y^im^^^ the 
extrusion of the tubular member 1110 off of the <»*i«w%Hn>iU> mandidi 1105 Haghig 
^en the pressure of the interior region of the tubular memb^ 1110 betow the 
mandrel 1105 reaches approximately 1200 to 8500 psL 

20 During the ertrnaionproeegar the flggMndablamandTrf llOSmjiy hAr yiapH 

out of the eipan d e d portion of the tubular memb^ 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec. Inapreferred embodiment, duzingtheextrusion 
process, the expandabk mandrel 1105 is raised out of the expanded portion of the 
tuimlar member 1110 at rates rangingfrom about 0 to 2 ft/sec in order to optimal 

25 provide permit fl^jiMtmflnt nf nparaUmf] pftwmrwHgrg^ smA nptjtr^ff fflmUPP th ftt 

the extrosioQ process wiU be oon^deted before the material 1160 

In a prefeixed enibodiment^ at leaat a portion 1180 of the tubular member 
1110 has an internal diameterleastiian the outside diameter of the mandrel 1105. 
In this manner, ^riien the mandrel U05 eiqunds Oe section 1^ 
30 member 1110, at least a portion offlieeKpandedsectiim 1180 effects a seal wia 
atleast the weDborecasmg 1012. InaparticQlarfypre&nedembodunent, the seal 
is effected conqiressmg tike seab 1016 between the eqmnded aection IIM 
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the wdlborecasizig 1012. In a preferred embodiment, the contact pre^^ 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to adavate the sealing members 1145 and pnmde opting 
5 OTsure that thejointwiU withstand typcal extremes of t«i^ 

In an atteniative piefiBRed embodiment, substantially aU of the entire 
length of the tubular member 1110 has an internal diameter less than tbe outside 
diameter ofthemandrd 1105. In this manner, extrusion ofthe tubular member 

10 1110 by the mandrd 1105 reeotts in contaet between sabstsntiaQy aU of the 
espanded tabular member 1110 and tin eadsting casing 1008. In a prafiaixed 
embodiment, the contaet pressure of the joint between the expanded tubular 
member 1110 and the casnngB 1008 and 1012 ranges froon about 600 to 10,000 psi 
in order to optimally provide pressure to activate the aealing membos 1145 and 

15 pravidecqitixnalreaistaneetoensuretbatthejointwiUwUhatandtTFiiealestr 

of tenale and compiesaive loads. 

In a preferred embodiment, the operating pressure and now rate of the 

material 1161 is ccmtrollabbr raniped down whoi the oqMmdable mandrel 1106 
reaches the iqq>er end portion ofthe tubular member 1110. In this manner, the 
20 mM m release of pressure caused by the complete extrusion of the tubular 
member 1110 off" of the expandable mandrel 1105 can be miniTnired In a 
prrfetxed embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 

of the extrusion laocess beginning when the mandrd 1105 has completed 
25 iQiproximately all but about 6 feet of the extrusion process. 

Altenatavely, or in combination, a diock absorber is providedin the siqiport 

member 1150 in order to absorb the shock caused by the sudden releaae of 

pressure. 

Altematively, or in combination, a mandrel eatchbig atruetnre is provided 
30 in the upper end portion ofthe tubular member 1110 to order to catch or at least 

deoderate the mandrel 1105. 
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Befiening to Fig, 10f» onoe the eztnision process is oompleted, the 
ftipandahlft mandrd 1106 is removed fttua the wellbQre 1000. In a preferred 

embodimgllt^ gither hgfera nr ftfti»r tfni wmtmwl nfthtk tf>»piniiftKlf > TnSTldrffl 1105, 

the integrity of the fluidie seal of the joint between the upper portion of the 
5 tubular member 1110 and the Mpper portian of the tubular liner 1108 is tested 
using conventional methods, iftheflnidieaealof the joint between the iqiper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisGBctOEy, then the uncured portion of the material 1160 within the 
ftinan d ed tubular member 1110 Ja then jnemmwed in a etmvtmiim^ ] mm^ ^ ^j^e 
10 material 1160 withm the annular regbn between the tubular 
the tubular liner 1008 is then allowed to cure. 

As iUustrated in Fig: 10^ pceftnb^ any remaining cored material 1160 
within the interior of the eipanded tubular member 1110 is then removed in a 
conventional Tnaniifrusingaconventional drill string, llieresultingtie-backlina' 
15 of casing 1170 indudes the emended tubular mambgr 1110 and an mter mtmbir 
layer 1175 of cored material 1160. 

As illustrated in Fig. lOfc the remaining bottom portion of the swparatus 
1100 comprising the shoe 1115 and packer 1155 is then prrferably removed hy 
drilling out the shoe 1115 and packer 1155 uaing conventional drilling n^Hhftds 
20 In a pa^t^c^lar^y preferred embodiment, the apparatus 1100 incorporates 
the apparatus 900. 

ReferringnowtoFigs. lla-llf, an embodimeat of an apparatus and method 
forhanginga tubular liner off of an existing wellbore casingwill now be described 
As iUustrated in Fig. 11a, a weUbore 1200 is positioned in a subterranean 
25 formation 1205. The wemxn:el200incfa2desanezistingcaaedBecti^ 
a tubular caaing 1215 and an snnular outer layer of cemoit 1220 

In order to extend the weDbore 1200 into the subterranean formation 1205, 
a driU string 1226 Is used m a weU known manner to driU out material fhim tl^ 
subterranean formation 1205 to fom a new section 1280. 

30 Asilh28tratedinFig.llb,anqyparatnal800ferfern^ 

in a subterranean formation ia then positioned in the new section 1230 of the 
wellborelOO. The anpsratus 1800 prgferah^ mnJnHgHi m A^pm^^f n ^ i^ yt%t,r^Ar p^ ^ 
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pig 1305. a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a suiqport member 1345, and a wiper plug 
1350. 

The e^>andable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted tocontioUab^ 
espand in a radial direction. The crpandflblft mandrel 1305 may comprise any 
number of conventional oonuneraaUy available eq>andab]e mandrels modified in 
accordance with the teachings of the present diadosore. In a prefierred 
embodiment^ the expandable mandrel 1306 comprises a faydrBuliceqiansion tool 
10 inBllnFtf^*^"!^ Hi«.lnopii in TIA PfttL No S,a4a,MS, tha diadoami of iriiiA is 

ioooxpocBled herainfay reference, modified in aoooidan^ 
present diadosore. 

The tubular member ISIO is coupled to and siqiported by the equmdaUe 
mandrel 1305. The tubular member 1310 is preferab^ eqianded in the radial 

15 direction and extruded offoftheeiqiandable mandrel 1305. The tubular mem^ 
1310maybeftbricatedfipomanynmnberofniaterials8udia8»fore^ 
Gountiy Tubular Goods (OCTG), 13 diromium steel tnhing/cBSing or plastic 
casing. In a pr e f e r red embodiment, the tubular member 1310 is fabricated from 
OCTG. Theinnerandouterdiameter8ofthetubularmemb^l310xn4yrange,for 

20 exan^depfrtmi approximately 0.75 to 47 inches and 1.05 to 48 baches, re^^ 

In a preferred embodiment, the inner and outer diameters of the tubialar me^^ 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respective^ in order 
to optimaUy provide ™t*iTni>l telescoping effect in the most common^ encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 i n c l u des an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outar 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and mxtet diameter of the lower portion 1365 of 
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the tolmlar meinber ISIO range fitim aboa^ 
iespeclivd|jr» 

In a particiilar^ |»eteed embodiment, the wall thickness of the 
intennediate aeetimiSfiO of the tabular member 1310 is ]» 
5 wall thiclmess.of the niper and lower aectiona> 1855 and 1365, of the tubukr 
niember 1310 morder to optmal^fiuiliatetl^ 

and optimal^, pmnit the placement of the iqniazatiiB in areas of the wellbore 

The tubular member 1310 prefierably comprises a solid member. In a 
10 preferred mnhndiment , the upper end portion 1855 irf the tubular member 1810 
is slotted, perfisrated. or otherwise modified to catdi or slow down the mandrel 
1805 when it completea tin eztauaion of tubular member 1810. faa p r efei r e d 
embodiment, the length of the tubular membar 1810 is limited to wnfaiini^ the 
possibility of budding. For typical tabular member 1310 materiala, the length of 
15 the tubular member 1310 is prefiBrab^ limited to between about 4^ 
in length. 

The shoe 1315 is coupled to the tubular member 1810. The shoe 1315 
preferably includes fluid passages 1330 and 1335. Hie shoe 1315 may comprise 
any number of conventional commercials^ available shoes such as, for »™w*pte. 

20 Super Seal n float sboe^ Super Seal 11 Down^ float shoe or guide shoe with a 
sealing aleevg for a Istdwkiwn phiy mnAiRmA m mrmrAmrti^ with thi^ toaittiitigi 
the present disdosuxe. In a prdtered embodinient, the shoe 1315 comprises an 
aluminum down-jet guide dioewithasealing sleeve fimralatch^o^ 
from Halliburton Energy SgnwcM in Dalbm^ TO^ moHifigrf m AMsrAajt^ tyjth the 

25 tPflchin pB of thepreamt disrlnair Sy in owkar to nfptmnlly gniHa tlw f^ i^y^ilflr ^fimbn* 
1310 into the wellbore 1200, optimal^ fluidic^ isolate the interior of the tubular 
member 1310, and optimal^ pennit the conqdete drill out of the shoe 1315 upon 
the completion of the extrusion and femmij^ g ^Tp ^<^ffT?ff 

In a prrfened embodiment, the shoe 1815 fbrther indudes one or more si^ 

30 oatletport8influid]ccommunicationwitbthefhiidpassagel380. In 
the shoe 1315 preferably iiqectsluffdenablefhiidi^ 

outside the shoe 1815 and tubular memhor 1310. In a preferred embodfanent, the 
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shoe 1315 iw<*b<Hi»ff the fluid passage 1330 having an inlet geometzy that can 
receive a fluidic seahng member. In this manner, the fluid passage 1330 can be 
sealed aSby introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the eipanriahle 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
siqjport member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends fiom a position adjacent to the surfiaoe to the bottom of the 
10 expandable mandrd 1305. The fluid passage 1320 is lapefigrabjy positkmedal^ 
a eenteriineofthe apparatus 1300. Tlie fluid pa88B8BlS20 is prefiBrab^sdaeted 
to transport materials sndi as cement, drilling mud, or epodes at ^ 
pressures rangingftom about 0 to 3,000 gaOona/^ninute a^ 
to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally efiSdant rates. 

The fluid passage 1330 permits fluidic matiffialB to be transported to and 
fiom the region exterior to the tubular member 1310 and shoe 1315. Tlie fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
comnuinication with the interior region 1370 of the tubular member 1310 below 
20 the CTp fli»iiaM<i mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that pennits a phig, or other similar device, to be pla^ 
passage 1330totberd>yblockftirtherpassageoffluidicmaterials. Inthismanner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidic^ isolated from the region exterior to the tubular 
26 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is pre£erab^ selected to convey materials such as 
cement, drilling nrad or qxixies at flow rates and pressures rangixig from about 0 
SO to 3,000 gallonsMnute and 0 to 9»000 psi in order to optimaUy fill the annular 
region btftwfi^n th e faiHtil^r mgmhgr 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometzy that can receive a dart and/or a ball gAnimg member. 

In this manner, the fhiid passage 1330 can be sealed affl^ intr^^ 

and/or ball sealing elements into the fhnd passage 1320. 

The fluid passage 1335 permits fluzdic materials to be transported to and 
6 fiom the zegiDn exterior to the tubular member 1310 and shoe Thefluid 

passage 18S5 is coupled to and positioned within the shoe 1315 in fluidic 

communication with the fluid passage 1390. The fluid passage 1335 is preferabfy 

positioned snhrtnfntiany along the centeriine of the apparatus 1300, Tbe fluid 

passage 1385 is preferably sdected to convey' niaterials « 
10 mud or epoaes at flow rates and pressuns ranging fiam about 0 to 3»000 

gaOoDflAniniite and 0 to 9,000 psi in order to opthnaUjr fill the annular region 

between the tubular member 1310 and thftnawrBMtatin 1280 ofthA^wfnbftTft 1800 

with fluidic materials. 

The seals 1340 are coiqiled to and supported Igr tiie tqqier end po 
15 ofthe tubular member 1310. Hie seals 1340 are ftarther positioned on an outer 

surfiioeoftheupperendportionlSSSofihetubularmemberlSlO. Thesealsl340 

permit the overlqiinngjoint between the lower ^ 

theupperportionl355ofthetubu]armember 1310 to be fiuidic^r sealed. The 
seals 1340 may comprise aigr number of ccmmitionaloammerG^^ 

20 such aa> for eiampler toad^ rnhher^ Tefkm, nrmpmjm^lm mAfii«£M< U% ^f ^jAmt^ 

with the teachings ofthe present disdosure. In apreftatred embodiment, the seals 
1340 comprise seals molded firom Stratalock epozy available from Halliburton 
Energy Services in Dallas, TX in order to optixnalfy provide a 1^^^ seal in the 
annuhis ofthe overlapping joint ^rtiile also creatingoptimal load bearing capability 
25 to withstand typical tensOe and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 

a « l ffidmt frictiDnallb«»tomppnrtt}M> mrpf^ tntnil^rn^pmber laiOfrywi 

existing casing 1215. In a preferred embodiment, the toctionalforee provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimal^ 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the ^pfltirfaM^ mandrel 1305, 
tubular member 1310, ahoe 1315, and aeala 1340. The support member 1345 
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preferabty comprises an pp^iioy member having s nffirimt strength to cany the 
fi^jpazBtus 1300 into the new sectkm 1230 of the wellborel^ In a pref eixed 
embodhnent, the support member 1345 further mcfaidesone or moxeoonvratki^ 
centralizers (not iUustrated) to help stabilise the tubular member 1310. 
5 Inaprtferi^embod]ment,thesupportmemberl846isiboniu^i]ydea 
prior to assembly to the xemaining portioDS of the apparatus 1300. In this 
manner.theintroductionof foreign materialinto the 

This T«^^iwij«»fl the possibility fordgn material clogging the various flow 
passages and valves of the q^aratus 1300 and to ensure that no foreign materia 

10 mterferes with the eipansimi process. 

The wiper phig ISSO is ooiqiled to the mandrd 1805 withhi the interior 
region 1370 ofthe tubular member 1310. The wiper phiglSSOindndes a fluid 
passage 1375 that is coiqpled to the fluid passagB 1320. The wqwrphig 1350 may 
oonqiriae one or more conventional commeraal^ttvailaUe wiper pl^ 

15 «miplft MiiltipTf* R^yg^ Cmmtgr Ifltch-down phips. Omega latch-down phigs or 
three-wiper latch-down plug modified m accordance with the teachings of the 
present disclosure. In a preferred enibodiment» the w^erphig 1860 comprises a 
Multiple Stage Cen^ter latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner fbr releasable 

20 attachment to the expansion mandrel 1305. 

In a p re f eired embodiment, before or after positionhig the apparatus 1300 
within the new section 1230 of the wellbore 1200 , a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in I^. 11c, a hardenable fluidic sealing material 1380 is then 
pumped fiOTi a surface location into the fluid passage 1320. The material 1380 
then passes frt>m the fluid passage 1320, throu^ the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the espandable 
mandrell305. The material 1380 then passes fiK>m the interior region 1870 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1336 and fiODs the annular region 1390 between the exterior of the 
tubular member 13 10 and the interior waU of the new section 1230 of ^ 
1200. Con t in u ed punqang of the material 1380 causes the material 1380 to flD up 
at least a portion of the annular region 1390. 
5 Hie material 1380 may be pumped into the annular region 1390 at 
pressures and itow rates ranging, for example, finom about 0 to 5000 p^ 
1,500 gnlloni^ni, respectively. Tw n p i nfe rmi i «miwwihti«it fhf matmnl 1380 in 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 galtonsAmn, reapectiveb^ 
10 fiUtheaxmularregionbetweentfaetubularmemberlSlOandthenewaec^ 
of the wdlhQM 12QQ with tha lutiAmnMA IhMti^ -iiKf g^afcyrfyj iggp 

The hardmnble flnidift upalingin a t i er ial 1880 may conipriae any number of 

for example, slag mix, cement or epoxy. In a prrfened embodiment, the 
15 haidenabla fluidic aealing material 1380 comprises blended cements designed 

spedfically for the weU section being drilled and available firoml^^ 

Services in order to optinially provide siqyort for the tol^ 

di spla rp mrn t of thfi material IjMOm tttftntm^lay rttpffn 1390 The optimum blend 

of the cement is preferably determined using conventional «w> p*ri fri mgt^> js 
20 The annular region 1390 prrferaUy is filled with the material 1380 m 

suflSdent q uantities to ensure that, upon radial eaqwnato 

1310, the annular region 1390 of the new section 1230 of the wellbore 1200 wiU be 

filled with material 1380. 

As ilhistrated in Fig. 1 Id, once the aimular region 1390 has been adeqiiate^ 
25 filled with nmterial 1380, a WQ)er dart 1395, or other siniilar device, is 

mtothefluid passage 1320. Thewiperdartl395isptefimb^pumpedtfarou^the 
flnidpassage 1320 ly anon hardenabk fluidic mntmal 1381. The wq)er dart 1395 
then preferably engages the wiper plug 1360. 

As iUustrated in Fig. lie, in a prefierred embodiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1350 causes the wqperphig 136^ 

fromthemandreI1305. The wiper dart 1395 and wiper phig 1350 then preferably 
win lodge in the fluid passage 1330, ther^ blocking fluid flow through the 
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paBsage 1330, and fhxidMy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the nan 
haidenable fhiidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Qnoe the interior region 1370 
6 bfir'Tnit? ffl»ffi^««t }y prftgmiriged^ the tuhulsT member 1310 is eartruded oflf of the 
ftT Tf in i^P^^*'*"*^ ^ During the ertnision process, the Bipandahle mandrel 
1305 is raised out of the fiqr^^'^ portion of the tubular member 1310 by the 
siqiport member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 intn>dudng the dart 1895 into the fluid pasBQge 1320 at a suzfto 

in a conventional manner. Hie dart 1895 mqr conqirise any number of 

QonventionalaimmerdaPyavailabkdevicesfiromph^ 

for exanq>Ie, BiuUqde Stage C^menter latdi^ 

or three wiper Utcb-downphig/dart modified in accordance with the teachings of 
15 thepreamtdisdosure. In a preferred embodiment, the wqier dart 1395 comprises 
a three wiper latch-down phxg modified to latch snd seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down phig is available 



After bloeldng the fluid passage 1330 using the wiper phig 1330 and wq^ 

20 dart 1395, the nan hardenaUe fluidic matoial 1381 may be pumped into the 

interior region 1370 at pressures and flow rates ranging, for ezanqde, firom 

approximately 0 to 5000 psi and 0 to 1,500 gallona/mm in order to optimally 

extrude the tubular memb^ 1310 off of the mandrel 1305. In this manner, the 

amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimized. 

In a pz«ferred embodimoit, after Uocldng the fluid passage 1330, 

>.fif^imfthlft fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from appr o iim atdy 500 to 9 ,000 psi and 
40 to 3,000 gallonfi/min in ordor to optimally provide operating pressures to 
30 maiT^f^iTi »>^A ^pnaiftn prftggflft ftt rfttfis mfficient to permit adjustments to be 
made in operating parameters during the extrusion process. 



from Halliburton E^iergy Services in Dallas, TX. 
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For typical tabular members 1310, the ertmsum of the tabular member 
1310 off of the expandable mandrel 1305 viD begin when the pressure of the 
interior region 1370 reaches, for erample, approzimatefy 500 to 9,000 psL In a 
preferred embodiment, the eztrasion of the tubular member 1310 off of the 
5 erpaTidflhle mandrd 1305 is a Amction of the tubular member diameter, waU 
thickness of the tubular meinber, geometiy of the mandrel, the ty^ 
the composition of the shoe and tubular member^ and the yield strength of the 
tabular member . The optimum flow rate and operating pressures are pieferably 
deten**^^iwi usiQg cof^v*CTi^-H ?^tf tf m pi p^yf metibod& 
10 During the extrusion process, the expandable mandrd 1305 m^y be raiaed 
out of the expanded portion of tbt tubular member 1810 at rates xaaginK fisr 
example, ftomaboutOtoSftteeeL InftpBAggttd i»mhfti«ifMmt ,ifawncihftf>^ 

procega^ the ftxpundAh la mandrri 1305 mgy he ramA aat ofthft ^pqi f y| portifm 
of the tulmlar member 1310 at rates ranging fiom about 0 to 2 ft/sec in 
15 optimaUy provide an eflBdent process, optima]^ pennit operator a4^ 

operetioii parameters, and ensure optimal oonqdetion of flie extrusion process 
before curing of the material 1380. 

When the iqiper end portion 1355 of tiie tubular member 1310 is exti^^ 
off of the expandable mandrel 1805, the outer surftce of the iq»per end portion 
20 lS55of the tubularmember 1310 wiUprefiBrabtyecmtact^ 

lower end portion ofthe casing 1215 to fbrm an fhiidti^overl^^ The 
contact pressure of the overiqjping joint may range, for «^mplfi^ fcom 
appr oximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overliving joint ranges flrom iqsproximately 400 to 10,000 psi in order to 
25 optimalhr provide contact pressure BuffidepttpenflnresBnn^ 

enouj^ resistance to withstand typical tensile and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidie and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 hardenab lefhiidicmateriall381iscontndlab^yranq^ 

mandrel 1905 reaches the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release ef pressure eouaedlgr the complete extrusion 



.61. 



of the tubular member 1310 off of the expandable mandrd 1305 can be mfnimiiyd 
In a pi^erred embodiment, the operating pressure is reduced in a sub stant i ally 
linear &3hion from 100% to about 10% during the end of the extrusion process 
^y> g^wTling whim the mflndrel 1305 has completed approximately all but about 5 

6 feetofthe extrusion process. 

Alternative|y,ormcombination,aahockahiOTberispnividedm 

member 1345 in order to absoib the shock caused by the sudden release of 

pressure. 

Altgr ff pt^ ^y> ^ gftmhination^ a mandrel catching structure is provided 
10 in the upper end portiim 1856 ofthe tubular member 1310 in 

least deoderate the mandrel 1305. 

Once the extniaion process is completed, the expandable man^ 
removedfrom the wellbore 1200. Inapreferredmbodhnent. either beforeorafter 
the removal of the eqmndable mandrel 1305, the int^rily of the 
16 overl8|9]ngjointbetw8entheupperportionl355oftb^ 

the lower portion of the casing 1215 is tested using conventional methods. If the 
Ouidic seal of the overlappmg joint brtween the upper portion 1366 of the tubular 
member 1310 and the tower portion of the casmg 1215 is satisfactory, then the 
uncuted portion of the material 1380 within the expanded tubular member 1310 
20 istheniemovedinacagventionalmanner. The material 1880 within th e annular 
region 1390 is then allowed to cure. 

As ilhistrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner uang a conventional drill string. The resulting new section 
25 of casing 1400 inchxdes the expanded tubular meniber 1310 and an outer a^^ 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingthedioe 1315 may thcnberemovedl^dri^ 
conventional drilling methods. 

A method of creating a casing in a borehole tocated in a subterranean 
30 formationhasbeendescribedthatinchxdesinstallingatubular 

in the borehole. A body of ftiidic material is thm injected into the borehole. The 
tubular liner is then radiaUy expanded by extruding the Imer off of the inand^ 
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nie ii^'ectixig preferably includes ii^jecting a hardenable fhiidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hanlenahle fhiidic material into an intow 
tubular liner below the mandrel The m^hod pre&rab^ includes finidic^ 
5 isolating the annular region fimn the mterior region befo^ 
quantity of the non hardenable aeaUzig material into the interior region. The 
iigecting the hardgnaWe flnidk seafing material ia preferab^ provided at 
operatingpreasuresandfloirrBtasrangingfinamaboutOtoS 
gaUonaAnin. The iigecting of tbe non hanlenabtefluidk material iapi^^ 
10 provided at operatingpressazes and flow rates ranging fitmiaboi^ 
and 40 to 3,000 gall ww^nfn Thefa^fflgtiiyrftlMifim 

iaprefisab^providedatiednoediqieratingpreaBaieaandfl^ 

portion of the extruding. The non hardenable fluidic material ia preferably 

injected below the mandrel Themethodpreferab^indudespreesurudngaiegion 

15 ofthe tubular liner below the mandrel Tlse region of the tubular liner below the 
mandrel iapreferah^preaaurizedtopxeasorearanging&tmid^^ 
Themrthodpreferab^inchideafbidic^iaolatinganinto 
liner from an exterior region ofthe tubuhur liner. The method fiurtherpreferab^ 
inchides curing the hardenable sealfaig material, and removing at laas^ 

20 ofthecuredaealingmateriallocatedwithinthetubidarli^ 

preferably inchide s overiamnng the tubular liner with an aadgting^invwA wiBwig 
The method farther preferably mchidea aealmg the ovbtI^ hetwegn tfv> tnKiilor 
liner and the existing weUborecasmg. The method further pztferably inchides 
supporting the extruded tubular liner uaing the overlap with the existing wellbore 

25 casQig. Themethodflurtherpreferablymchidestestingtheintegrity 

the overlap between the tubular linor and the existing wellbore casing. The 
method ftother preferably inchides removing at least a portimi th a hniYi0^fl|y tfi 
fh iidir aealin ginaterial withm the tubular Kner before curing. The method furth»' 
preferably includes lubricating the surface ofthe mandrel The method farther 

30 prefieorably indudes absorbing shock. The method further pteferabliy inchides 
catching the mandrel upon the completion of the extruding. 
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An flfiparatus for creatmg a casmg in a borehole locate 
formation has been deacribed that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member indndes a first fluid passage. 
tkp fnyf>Hw >l igmnpliMi tn the mipport member and indudes a secondfluid passsge. 
5 Tb<*t"ln^^**' ^<»">>^ ^«"»"plgdtQthegiandrcL Tlie shoe is coupled to the tubular 
liner and inchides a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member pre fe r a bly ftnrther tac h id e s a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably iiidudes a shock 
10 absorber. The siqyport member preferably indudes one or more sealing membm 

f ffipwwmtfamtgn mft4«w8<il farwi motoring mfalteriflrg^^of the tubulflT 

member. The mandrel is preferably eqmndable. The tubular membor ia 
preferabfy fabricated fhim materials selected bom the group consisting of Oilfield 
CountiyT^ibular Goods, 13 chromhmi steel tubingfcasi The 
16 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 hidies and 3.5 to 16 inches, respective^. The tubular member prefersbly 
has a plastic yieU point ranging tern about 40,(K)0 to 135,000 psi^ Thetubular 
meniber prefersbly inchides one or more sealing members at an end portiox^ The 
t^ii ywiftr meniber preferably indudes one or more pressure relief holes at an end 
20 portiozL The tubular member preferably includes a c a t > chin g member at an end 
portion for slowing down the mandrel Tlie shoe prrfersbly indudes an inlet port 
coupled to the third fhiid passage* the inlet port adapted to receive a phig for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular meinber having an inner diameter greater than an outer 

the second tubular member, has been described that inc hiden positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member oftofthemandrd into ezigagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging from sboot 
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600 to 9,000 psL The pressurizing of the portion of the mterior region of the 
second taibolar member is preferab^ provided at redneed operating pressuzcs 
during a latter portion of the extniding. The m^hod farther prefiBzabl^inchides 
sealing the ovinlq) between the first and second tabular memher& HiemeChod 
5 further preferably inchides supporting the ertnided first tobnlar mgmher nmg 
the overlap with the second tubular member. The method fiurthsr pre&cab^ 
inchides hibricating the Burfaoe of the mandrel The method flirther preferably 
inchides absorbing shock. 

Alinerforuseinareatinganewseetionofwellhorecasinginasnhterranean 
10 formation aiQaoent to an alreadbremstiiv section of weOb^ 

described that includes an annular member. Hie annular member indudescme or 
more sfiflling members at an end portion of flie animlar mamhar, and tmft ni>in ftr p 
pressure relief psssages at an end portum of the annular member. 

A wellbore casing has been described that inchides a tubular Imer 
15 annular bo<|y of a cured fhiidirsBslhigniatfrrial. ThetubularBnerisfigmedtythe 
process of ertruding the tubular liner oflT of a mandrel Tlie tubular liner is 
pi^erab^ formed Iqr the process of placing the tubular linor and mra 
the wellbore, and pressurizing an ulterior portion of the tubular hner. Tlie 
annular bodty of the cured fhiidic sealing material is preferab^ formed hy the 
20 process of hwctmg a body of hankmahle flnidic sealing matmal mtn aw mrntiljn- 
region external of the tubular hner. During the pressuriring, the mterior portion 
of the tubular liner is prefierabbr fhiidi^y iaolated fi^ 

tubular liner. Theinterior portion ofthe tubular linar is preferably pressurized 
to pressures ranging firom about 500 to 9,000 psL The tubular liner preferabfy 

25 overiqia with an easting wellbore cadng. Tlie wellbore casingprefeiahly further 
inchides a seal positioned m the overiapbetween the tubular liner a^ 
wellbore casing. Tubular finer is prefisrabfy supported the overk^ with the 
easting wdlbore casiiig. 

A method of repairing an existing section of a weDbore casing within a 

30 borehole has been deaerihad that iiiAiHA«ii»«faiiKtnra tnhiilm^ t»nd a tnar.^ 

within the weObore caamg, hqeetinga bo4y of aihiidic material 

pressurizing a portion of an mterior rq;ion of the tubular liner, and radially 
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i>TpOTHiTig thg liner in the borahnle bv extniding thg liner off of the mandrel. In 
a preferred embodiment, the fluidic material is 

of fliAg mrr^ Cement* drilling mud, and epoxy. In a preferred embodiment, the 
method further iiwhidfiy fluidicljr isolating an interior region of the tabular liner 
5 from an exterior region of the tubular Un^. In a preferred embodimmt, the 
igjocting of the body ftf fhildir rm't^'*' ^« pminded at oparatingprefimBB and flow 
nfn T ^^e^g flhont 500 to 9.000 pai and 40 to 3,000 g wHonttfrn i n In a 
prefteed embodiment, the ixqectingof the bo4sr of fliiidic material is provided at 
reduced operating pressures and Ikyw rates during an end portion of the eztrud 
10 Inaprefarred mhodlmimt , the flu i d i c material is In 
a prefened a regkm of the tukiular Voet below the mandrel is 

pressurised. In a pretexed embodiment, flie region of the tabular linn bd^ 
mandrel is piessarized to pressoxes ranging from about 500 Ina 
prpfarH ^«^K«H^«imit iihft fniMJind fiirther inchidea overiamnngthe tubular liner 
15 with the eadstingweUbare casing. In a preferred embodiment, the method further 
indudes sealing the interiiBwe between the tubular liner and t^ 
i^mng inaineferredembodimmt^themethodfbatherindadeBa]^^ 
egrtruded tubular liner using the easting wellbore casing. In a preferred 
embodiment* the method flnrther inchides testing the integrity of ^ 
20 interfkoe between the tabular liner and the existing weQbore camig. In a 
preferred embodiment, method frurther nichides lubricating the surface of the 
mandrel In a preferred embodiment, the method further indudes absorb 
shock. In a preferred embodiment, the method ftniher includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method fiurtherinchKles expanding the mandrd in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that inchides a tubular liner and an annular body of a cured fhiidic sealing 
material The tubular liner is formed by the process ofertruding the tubular Km 
offofamandreL Theannular body of a cured fhiidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is farmed the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion ofthe tubular liner. In a preferred embodiment, 
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duxisgthepcessoriziQgp tbe mteriar por^^ 

fiomanexterforportioDaf thetulm^ In a pre&nred embodiment, the 
interior portion of the tabular liner iapr^^ 

500 to 9,000 pel baprefezredembodimentiflieannnkrbodyofacuxedfhi^ 

5 sealing materifll ia formed hy thg pmngaa of iiygtiwg a hn^ ttf it^r^mf t]^]^ fluidic 

sealing niaterial into an anmilar region between the eiisti^ 
the tobular liner. In a pref eried embodiment, the tubular liner orverii^ with 
another eostingwBlIbore casing. InaprefienedembodimeDt, thetie4Mi^liner 
further inchides a seal positioned in Oie ororlap between the tubulw 
10 other existing wdlbore caamg. Jn a prefi gie d mmiwAin^^f^ tubular i^tifr is 
supported I7 the overlqp with the other existing wdlbore eaan^ 

An apparatus for eipanilmg a tubular member has been described that 
mchides a support member, a mandrel, a tubular member, and a ahoe. The 
sappott member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrdinchides a second fhiid passage (q>erBb^coiqded 
to the first fluid passage, an interior portion, and an exterior portion. Theinterior 
portion of the mandrel isdrillable. The tubular member is covpled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably ooiq>Ied to the second fluid passsge, an interior portion, yn d an 
20 exterior portion. The interior portion of the shoe is driUable. Preferably, the 
interior portion of the mandrel "irhidps a t^'hy^f^r member An^ a load bearing 
member. Preferably, the load bearing member conqvises a driUable body. 
Pref erabfy, the interior portion of the shoe h>chidftB a tubular member, and a load 
bearingmember. Preferably, the load bearing member comprises a drillablebo(ty. 
Preferab^, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansTon cone isfhbricatedft^ 

c onsifitin gof tool steeL ti t anium , and egramie, Prrfgrah^^ th^ Mpawg^im iyi^^ hag 

asuzlkcehardnes8rangingfix>mabout58to62 Rockwell C. Preferably at least a 
portion of the apparatus is drillaUe. 

Althou^ illustrative embodiments of the invention have been shown and 
described,awide rangpof modification^ diangeg and ailMfcitaiti^ ift ^t frfnp^tpd 
in the foregoing disclo sure . In some ^^^'m, some features of the present 
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invention may be emplcgred without a corresponding use of the other features. 
Aixoxdingly, it is appropriate that the £vpe^ 

in fli r^mwr m^f^i^±mfL wHih thft weope of the invmtiop. 
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11. A method of creatiDg a casing m a boxefaole located in a subterzanean 

2 fbnnation, OQiiqirising: 

3 inBbiHing a tubular liner and a mandrel m the borehole; 

4 ii^ectinfffhiidic material into the borebote; 

5 pressurmng a portion of an interior region of the tubule 

6 radiaUjr eKpending at least a portion of the hner in the borehole by 

7 extruding at least a portion ofthe liner off of file mandieL 



12. A method of creattaig a casing In a bocdiole located hi a section of a 

2 subtenanean formation, the borehole having an already existing waging 

3 comprismgt 



4 drilling out a new section ofthe borehole acljaoent to the ah«dyes^^ 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overiamnng the tubular liner wii3i the alregdy mjrfJng iHirfTig * 

9 iiqecting a hardenable fhiidic sealing material into an flTinniftf region 

10 between the tabular liner and the new section of the borehole; 

11 floidic^yisolfttingthft anmilar region betwem the tubular liner an^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a mm hardenable flnidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 axtnidiny the tuhnlar liner olT rf mw^nnAM^ ffim^ |. 

17 sealing the ovarii^ between the tubular liner and the already 

18 casmg; 

19 supporting the tubular Unar with tibe overiqp with ^be already existing 

20 casing; 

21 rmoviog the mandrel from the borehole; 



22 testizig the tntegrilyofUie seal oftheo^«lap between 

23 the afaneady *""«*^"C casing; 

24 rraumngatleastaporticmofthehazdenableflii^ 

25 the interior of the tubular Imer, 

26 curing the zemaining portions of the fhudic hardraable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tubular liner. 

1 s. AnapparatasfiDrcqmndingatobularmeniber^eonqi^^ 

2 ft mgrpiTTt i Pf*"^ i ^ mpprntmrnher inrfiidinr alirstthiidpasaagB; 

3 p wiMiniF fti mrmpUA to the mipport member, the mandrel inctading : 

4 a second fluid passage; 

5 atubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the dioeinchidinga third fl^ 

7 wherein the first, second and third fluid passages are operablb^ coupled 

1 4, An appftTfltsiff for eFpff^Hi^c » faihnlar memherf eomprianp 

2 a support member, the siqqiort member including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow contrdvaWe coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expnnriah le 

7 mandrel inchiding a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member inchidii^ 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe including ; 

12 a fourth fluid passage coupled to the third fluid passage, the finirih 

13 fluid passage adapted to recdve a stqp member; and 

14 one or more exhaust passages 

coupled to the fourth fluid passage fi)r 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the vapport member^ the sealing 

17 mfflmher adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. Amethodofjoiningaseccmdtubiilarmembertoafirsttubularmeni^ 

2 firgfc tailmlar tnAtnhflr hmrtg m rnr^mf <fjf|tnftffrgwHrf»r m ffUtet H^!»"^tl^ ITf 

3 the secoml tubular member, oompriaing: 

4 positioning a mandzel within an interior region of the aeoond tubular 

5 member; 

6 pz«8uriangaportmnoftheinlerioriq;im 

7 and 

8 ertnidinir the second tubular mmhar off of the mamfarf jnt^ mmp^^^^^ ^f 

9 with the first tubular member, 

1 6. A tubular lineryCanqMising: 

2 an annular monber, the annular member indnding: 

3 one or more aealing memberB at an end portion of the annular 

4 mmber^and 

5 one or more pressure reUefpassages at an end portion of the annular 

6 member* 

1 7. Awellbore casing, comprisingi 

2 a tubular liner, the tubular liner fornied by the inocess of: 

3 eztiiiding the tubular Uner off of a mandrel; and 

4 an annular bofl^ of a cured fhiidic sealing material coupled to the t^ 

5 liner. 

1 8. A tie^back liner for lining an egisting wellbore cAtdng^ m mprigw^ p- 

2 a tubular liner, the tubular liner finmedl^ the process of: 

3 extruding at least a portion ofthe tubular liner offofa mandrel; and 

4 an annular body of a cured fluidic aealing material eaaj%M to tT?^ fai>nti<iT 

6 liner. 
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An apparatus for cxpandixig a tubular me^^ 

a support member including a first fluid passage; 

a mandrel ccng)led to the support manber, the mandrd inclu d ing : 

a second fluid passage operabfy coupled to the first fluid passage; 

an interior portion; and 
an exterior portion; 

wfaeran the interior portion of the numdzel is drfUabk; 
an apandShie tubular member ootipled to the mandrel; and 
a shoe ooi^fed to the tubular member, the dioe indudini^^ 

a third fluid passage (Qierahly ooiqded to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wfaerdn the mterior portion of the shoe is drillable. 
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